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This capstone project addresses the design and implementation of a device that measures arm position 
and speed. The device is intended for use in conducting further research on the motion of limbs affected 
by cerebral palsy, and in the prototypic development of a device that could help control such motion , 
thereby allowing a user to accomplish daily tasks. This project includes the design of an appropriate 
experiment and testing apparatus to explore possible solution prototypes , along with suggested 
methods to perform analysis of the experiment results. This is considered to be the fundamental 
research necessary to better understand the scope and requirements that a prototype design would 
need. The results of this experimental research will provide recommendations for moving forward in the 
development of an Arm Stabilizer device . 
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I chose this project because it seemed like a good way to improve people 's lives. I believe that 
engineering most valuable when it can be used to make the world a better place, and as I undertook my 
capstone project, that potential seemed greatest with this project . 
One of the main purposes of the capstone program as implemented for mechanical engineering majors 
is to provide mechanical engineering graduates with industry-like experience that will prepare them for 
their careers . Although this project was originally intended as an industry experience, it soon revealed 
itself to be more of a research project. The original scope of the project was to build an exoskeletal, 
wearable device that would damp out unwanted movement in the arm and allow someone with 
cerebral palsy to more easily perform motor skills such as eating, grooming, and other daily or 
household tasks. As we investigated ways to accomplish this and the underlying mechanics of arm 
motion, cerebral palsy, and vibrations, the scope of the project changed several times to accommodate 
our new understanding. While similar devices exist for tremors such as those caused by Parksinson's 
Disease, the tremors characteristic of cerebral palsy are characteristically different--larger, more erratic , 
and less regular. Because many of the assumptions underlying the original scope and undertaking of the 
project were incorrect, the first half of the project was mainly spent in rescaling the scope and setting 
clearer parameters for what would be possible . 
This experience , while frustrating throughout the project , gave me great insight into several things 
which I had already known about or heard, but had never experienced in such a personal way. First, that 
engineering is only ever as good as the assumptions you put into it. Early in my undergraduate 
education, the homework problems I was doing began to have assumptions listed along with the 
problem statement. This was a new but understandable concept that developed throughout my 
education. Certain formulas only work under certain circumstances, and you cannot proceed without 
justifying that those circumstances are met . This is how assumptions govern engineering. You must be 
able to assume that your fluid flow is laminar, or that your energy system is closed, or that your material 
contains no imperfections before continuing with your calculations and design. If you make bad 
assumptions , you will end up with bad engineering . Getting our assumptions right for this project was 
necessary for the scope to be realistic and effective . 
Second, working to restructure the scope of the project showed me how crucial communication is to 
engineering , especially in interdisciplinary applications. Sometimes engineers and other STEM majors 
get accustomed to their unique jargon and their large homework load and being able to see physical 
phenomena and easily understand the world around them , and they can easily overestimate how well 
they know a certain topic that is outside their field . I think this is part of why the scope was so far out of 
reach initially . Between our industry correspondent/customer , our faculty mentors, and the people in 
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the department who sourced the project , nobody knew how inappropriate this project was until our 
group consulted an occupational therapist who better understood how cerebral palsy worked. Without 
that medical expertise, we were left to overgeneralizing the symptoms and solutions that we had seen 
before, which led us down the wrong path. This experience emphasizes the need for humility and 
regular communication across disciplines in order to best understand the proper scope and 
implementation of an engineered device. 
Once we had a better understanding of how cerebral palsy works, we restructured the scope from 
designing a functional exoskeletal brace to designing and testing several prototypes which would gather 
information that could be used by future groups to reach the end goal. This required careful design of an 
experiment that would provide reliable data. I really loved the experiment design aspects of this stage of 
the project , and the challenge of making an experiment that was both safe for human test subjects and 
would provide reliable results that would be statistically significant enough to help us draw conclusions. 
We met several challenges in this design . The biggest challenge was centered in the facts that cerebral 
palsy is relatively rare in the human population, that not every person with cerebral palsy has it affect 
their arms, and the rural location of Cache Valley made our pool of potential test subjects yet smaller . 
Having a small testing pool would make it difficult to overcome the individual variability that is very 
present in each case of cerebral palsy, as well as any learning or fatigue that would happen over the 
course oftesting and could skew results. Unfortunately, these challenges were never resolved as our 
work with the Institutional Review Board delayed our ability to complete testing during the semester . 
The scope was again reevaluated . 
On our third major version of the project scope, we developed a device that would measure arm 
position and was compatible with several arm control prototypes, which could later be tested. Although 
conducting testing was no longer within an appropriate scope, the device was successful, and we believe 
it will be useful in further acquisition of data that could lead toward the eventual development of 
wearable stabilizing technology. This aspect emphasizes the design process of engineering as an 
iterative, creative, adaptive process. Similar to the way that an author may create draft after draft 
before finding something that really communicates their ideas, or how a composer may throw out pages 
of music on the way to making their opus harmonious and moving, the final product of this engineering 
project is the result of many creative brainstorming and problem -solving sessions, and many different 
models and drafts to reach the goals we had for the project. The project now fits in a larger design 
process as it will be able to provide information and testing to develop prototypes which will be iterated 
toward a final arm-stabilizing device for those with cerebral palsy and other spastic tremors . 
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1 PROBLEM DEFINITION 
1.1 OVERVIEW 
1.1.1 Objective 
The objective of this project and its associated research is to conduct preliminary research in exploring 
various possible technologies (referred to as "prototypes") for the eventual development of an "Arm 
Stabilizer" which will treat the movement-related symptoms of cerebral palsy . 
Cerebral palsy (CP) is caused by damage to the base ganglia of the brain, resulting in over-tense muscles . 
Persons affected by CP have difficulty controlling gross motor movements. The purpose of the Arm 
Stabilizer is to damp and slow the gross movement of the user's arm, allowing smoother, more 
controlled movement. The control methods cannot impede the desired movement of the user . 
Ultimately, such a stabilizer should allow the user to perform daily tasks such as feeding oneself, 
brushing one's teeth, shaking hands, and pointing with greater ease. Although similar devices or 
treatments have been devised for people with Parkinson's disease or to treat general tremors 1•2, a 
wearable device to treat symptoms of CP has no precedent. To address this need for those with CP, this 
project conducts preliminary research as a proof of concept toward the eventual development of an 
arm-stabilizing device . 
This project includes the design of an appropriate experiment and testing apparatus to explore possible 
solution prototypes and perform analysis of the experiment results. The results of this experimental 
research will provide recommendations for which prototypes are best suited for use in an Arm Stabilizer 
device . 
1.1.2 Customer 
This project is funded by an NSF grant for Engineering Design to Aid Aging Persons (EDAAP). The idea is 
conceived by RJ Cooper . RJ Cooper is an entrepreneur who specializes in the research and development 
of materials and devices to be used by persons with special needs. He may use the information provided 
in this project for future development . 
1.1.3 Stakeholders 
This research produces information that can be used by the customer and future research groups to 
continue the development of a functional arm-stabilizing device. Documentation of the experiment and 
prototype design is provided to help other researchers and developers replicate this project if necessary, 
and clearly understand how the results were obtained . 
Although testing is designed for right-handed adults with CP affecting the right arm, the results of 
experimentation are intended to be applied broadly, so that this research may benefit persons of all 
ages affected by CP in either arm . The results of the research may also be applied to other joints in the 
arms or body . 
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This project aims to benefit the lives of persons affected by CP by allowing them independence in daily 
living activities. This research provides a basis for eventual development of technology to assist in 
activities such as eating , grooming , and reaching for objects . 
1.1.4 Testing Prototypes Overview 
Testing compares three different conceptual prototypes : an active system, mechanical damper , and 
weighted brace . These are compared against the unaltered movement of study participants to test the 
hypothesis that the prototypes can increase movement control. The selection of these prototypes is 
detailed in Appendix B, and the concepts to be tested are given a brief overview in this section . Each of 
the concepts is simplified to include one main component and focus on the movement of the elbow 
joint . 
1.1.4.1 Active System 
The main component of the active system is a motor which senses unwanted movement and drives a 
counteracting movement . Unwanted movement is determined based on the spasticity ofthe 
movement-sudden and unstable movements should trigger the active system to assist by restricting 
movement to slower motions . This foments greater control of the limb as it goes through a motion. 
1.1.4.2 Mechanical Damper 
An adjustable rotary damper was chosen as the mechanical damping concept. It is centered over the 
pivot point of the elbow and is designed to absorb vibrations caused by large movements . This should 
reduce any spastic feedback in the motion and help calm disruptive movements. 
1.1.4.3 Weighted System 
According to anecdotal evidence and reviews on products such as KEatlery and Good Grips, some 
persons with CP have found that using weighted utensils gives them greater control, as the added 
weight to their silverware gives resistance against the tremors in the movement of the arm. The success 
of such a system seems to vary greatly from user to user . This may be tested as a prototype by adding 
weight to the subject 's arm in an effort to produce similar results in a wearable device . A review of 
articles and patents shows that the research on this effect is limited , as no peer-reviewed articles on the 
testing or development of this effect were found. 
1.1.5 Testing Description 
A test has been developed to determine which system, if any, is capable of stabilizing the user's gross-
motor movements. The test focuses solely on the elbow joint of the arm , allowing the engineers to 
simplify the design of the testing system . 
The test uses human subjects to obtain data. The design engineers were the subjects for provisional 
testing , which proves the functionality of the design. Official testing will be on subjects who are affected 
by CP in the ways described previously . This testing will be done in two parts . The first part will test the 
subject 's movements without the use of any prototype. In the second part of the test , the test will be 
repeated with the addition of different prototypes . The results of each part w ill be compared to 
determine if the prototype is effective. 
• • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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The test compares the accuracy of the subject 's arm movement to a target movement pattern . The 
testing apparatus records the angular position of the subject's arm as a function of time. This 
information is compared to the target's position in time to determine the accuracy ofthe subject 's 
movements . 
This test requires that a testing apparatus is built to collect the data and keep each test consistent (see 
Figure 1, and sections 3.1-3.10). The apparatus consists of an arm brace mounted to a stable frame . 
The test participant is seated in a chair placed next to the frame, where they place their right arm in the 
medical brace . The brace is connected to a rotating shaft in the frame . This isolates the movement of 
the elbow and eliminates unwanted motion . 
The different prototypes can be tested as individual configurations ofthe testing apparatus . These 
devices are detachable, allowing for different prototypes to be used on the same testing apparatus. A 
computer program measures the angular position of the subject's forearm through a potentiometer 
attached to the rotating shaft . The angular position of the target is measured in a similar manner . The 
computer program also measures the timing of the test . 
Brace 
Chair I Rig 
Target 
Figure 1. Diagram of the testing rig . 
Using this testing rig, three test results can be gathered . 
Result 1 measures the overall accuracy of movement by having the subject track the target and match 
its motion . The position of the arm brace is compared to the position of the target , within a margin of 
error of two degrees to either side of it. The target moves back and forth through the testing range of 
motion at a fairly slow rate, and may change directions suddenly . 
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Result 2 measures the accuracy of arr iving at a target . In this part of the test , the target moves to a 
location within the testing range and holds that position for approximately two seconds. This result is 
integrated with the motion of Result 1, so the subject will continue to track the target motion and will 
hold t he position for as long as the target remains there . The test measures the stability of holding a 
position . This part of the test is repeated with three different target locations and the results are 
averaged. 
Result 3 gauges which prototype allows for the fastest movement. At the end of the testing sequence, 
the target will move quickly along the full testing range of motion. The subject will continue to follow 
and match the motion of the target. The test will evaluate how well the subject's arm keeps pace with 
the target, and how long it takes the subject to move their arm through the entire range. 
Figure 2. Waveform path of the target for a test sequence . 
Figure 2 shows a waveform input for the LabView program that will be used to drive the target . Regions 
for testing Results 1, 2, and 3 are marked in the colored boxes along the bottom. The entire testing 
sequence is programmed to last for a maximum of one minute . Each prototype will be tested for at least 
one testing sequence. 
1.1.6 Interfacing Systems and Users 
The testing involves the use of a testing apparatus where subjects can interact with each concept 
prototype . The apparatus also gathers motion and position information throughout testing . This 
requires interfacing with a computer program to monitor and record these data . 
The test prototypes are grounded to the test apparatus , and may requ ire that the user have assistance 
to attach and remove the arm brace of the apparatus . The arm brace of the apparatus should allow for 
free motion within the plane of the experiment and should hold the arm steady in order to isolate the 
movement of the elbow joint . The prototypes are interchangeable components that can each be 
attached and detached from the arm brace of the testing apparatus . 
It is possible that the testing apparatus may be used for a participant in a wheelchair. This may be 
accommodated by placing the apparatus next to the wheelchair and adjusting the brace to a proper 
height, as with the normal chair. This interface is not a design requirement , and it is possible that some 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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wheelchairs may not allow for proper interfacing of the testing rig, or may not allow for adequate arm 
motion . In such a case, reasonable accommodations should be made, but it may be that testing simply is 
not possible for every wheelchair . 
1.1.7 Issues of Primary Concern 
The sample population brings unique concerns, especially with regard to obtaining confident results. It is 
unlikely that the scope of this study will allow for a large number of test subjects to be found and 
participate. CP affects only 0.3%3 of people nationwide, and target participants for the study are further 
narrowed to persons who have CP that affects the arms, but does not debilitate them beyond the ability 
to use the device and participate in testing. Effort was made to design the study to allow as many people 
as possible to participate. Recruiting preparations were also made . 
Furthermore, CP by nature is a highly variable condition 4 • Each person with CP has unique needs, 
abilities , and experiences, as CP is manifest in many different ways. This may affect the results of the 
research because each person's condition is so unique 5•6•7 • The results may apply well to the individual 
test participants but not to the entire target population . To give context to the results, test participants 
with CP are asked to describe their particular condition . 
Because of the low sample size and high variability within the sample population, it is improbable that 
this study will yield results of any statistical significance . Rather than aim to provide a solution for all 
cases of CP, this study is a proof of concept that a device prototype is feasible for stabilizing arm 
movements. This study is intended to provide a basis for further testing and development that may 
eventually lead to an arm stabilizing device . The prototype may be appropriate for the particular needs 
of one individual or for the general population of persons affected by CP . 
1.2 ENGINEERING REQUIREMENTS 
The following requirements apply specifically to the testing apparatus and the engineering design of it. 
These requirements were created by the design engineers, as the customer is not concerned with the 
design of the testing rig, and is primarily interested in the results of the test. These requirements are 
mentioned in order to help the design engineers make design decisions and work toward a functioning 
design . 
1.2.1 Components of the control methods being tested must be able to run forward and backwards with 
negligible change in resistance against motion or movement control abilities . 
Source: The Arm Stabilizer must be able to assist in motion control when the user is moving their 
arm in any direction. Testing includes movement in forward and backward directions . 
Fulfillment Evidence: Components were selected to be reversible. Tuning and using the testing 
apparatus show no evidence of greater resistance in either direction . This is further evidenced 
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The testing apparatus shall be able to measure and record the angular position of the subject's arm 
relative to a moving target as a function of time during the test. This data shall be measured 
continuously. 
Source: The most valuable measurement in determining the performance of any of the concepts 
being tested is the position of the arm brace as a function of time. Having a continu ity of data 
allows for a better understanding of how each prototype affects movement and can yield 
stronger results. 
Fulfillment Evidence: Provisional testing was performed to verify these features . The test report 
is included as Appendix G. The test results show that the test apparatus and programming 
measure and record the angular position of the arm and of the target. These data sets can then 
be compared to produce the relative position data. All data is gathered and recorded 
continuously. 
Taking 0° to be full arm extension, the testing apparatus shall allow arm motion from 5° to 90°. The 
Apparatus will also measure the position of the forearm along this range. 
Source: The testing apparatus must not prohibit the necessary movement made by a person. 
The apparatus must also track the full range of motion of the test to get accurate data . The 
range of motion of the test is limited to a 90° angle as the arm brace collides with itself at high 
flexion angles. Full extension is buffered by 5° to avoid overextension and discomfort to the 
subject . The target range is also restricted to these angles. This range of motion is adequate to 
demonstrate conceptual functionality . 
Fulfillment Evidence: The arm brace and target are both able to move along the entire range of 
motion . The arm brace is restrained to the test range of motion by mechanical stops built into 
the arm brace. The target is programmed to stay within the range of motion. Under some 
circumstances , the target can move beyond the testing range of motion. 
The testing apparatus shall not allow the forearm and elbow to be extended beyond 180 degrees. 
Source: While it is unlikely that the subject 's arm may be forced into any position by the testing 
apparatus, extra care will be taken to prevent the arm from being in harmful positions. To avoid 
overextension of the arm, the apparatus will have a mechanical stop, which will prevent it from 
potentially forcing the subject's elbow to over-extend , causing the subject injury. The stop will 
be located at an extension between 175 and 180 degrees relative to the uppe r arm. 
Fulfillment Evidence: The arm brace contains a mechanical stop that prevents over-extension . 
The target does not go beyond full extension so that the subject will not try to overextend the 
arm. The resistance provided by any of the prototypes does not push the subject 's arm beyond 
full extension under any circumstances. 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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1.3 ENGINEERING GOALS 
1.3.1 The testing apparatus should be adjustable to allow many people of different sizes to use it. 
Source: To provide the best comfort and ease of use for subjects, the testing apparatus should 
adjust to fit their body and arm comfortably. This allows for better arm movement and control 
by the test subject , giving better data about the effectiveness of the stabil izing technology . It 
also helps test subjects have a better experience during testing and may help avoid fatigue and 
discomfort . 
Fulfillment Evidence: The testing apparatus includes some degree of adjustability in every 
component or system that interfaces with the test subject . This includes the arm brace, the 
position of the arm brace, and the chair . Adjustabil ity targets a range of adult body sizes, 
including smaller and shorter people. This feature has been tested by adjusting the testing 
apparatus to fit the design engineers individually. The testing apparatus can be freely positioned 
relative to the chair , and adjusts from approximately 21 to 39 inches in height , as measured 
from the ground to the axis of the elbow . 
1.4 FUNDAMENTAL AsSUMPTIONS 
This research and design is being conducted under the assumption that attaching a mechanism to damp 
or add resistance to an unsteady arm can provide the user with improved accuracy and stability in their 
arm . It is also assumed that if such a mechanism can be used to improve motor control in the elbow 
joint , it can be used to improve motor control in other joints by combining similar devices and 
technology . Likewise, the design of the experiment and test prototypes assumes that data gathered on 
the right arm is applicable to the left arm. These assumptions refine the focus on collecting relevant data 
in a simple, controlled, and specified manner . 
The testing apparatus design assumes the user to be a right-handed adult who has strong, impulsive, 
and inaccurate gross motor movements. It is assumed that the human subjects with CP involved in the 
testing and gathering of data are average in body build and weight . For reference, the average we ight a 
person (male or female) in the United States8 is 180.9 lb. It is assumed that the weight of the forearm is 
4%9 of the total body weight . It is also assumed that peop le with CP have sufficient control of the arm to 
perform the testing . These assumptions eliminate some extraneous variables from the test ing 
atmosphere and allow for the testing process to focus on movement and position of the arm . 
The results of the test are assumed to apply similarly to different joints in the human body, allowing for 
future revisions of the Arm Stabilizer to be based on measured data . Proving that it is possible to control 
body movement by adding variable resistance allows for this principle to be used in many applications 
on the body, although the specific technological methods may vary . This may best be accomplished by 
focusing on combinations of joints as a system of movement patterns , allowing motion control to be 
applied to any joint or body part . 
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1.5 DELIVERABLES 
• System Requirements Report 9/13/2016 
• Concept Test Plan 10/20/2016 
• Concept Test Report 11/3/2016 
• Preliminary Design Report 11/18/2016 
• Preliminary Design Review 11/22/2016 
• Critical Design Report 3/29/2017 
• Critical Design Review 3/30/2017 
• Final Design Report 5/2/2017 
• Final Design Review 5/4/2017 
• Final Prototype and Report of Research 5/4/2017 
2 CONCEPTUAL ANALYSIS 
2.1 DESIGN SPACE 
Although the development of an Arm Stabilizer is ultimately aimed at controlling the entire arm, this 
design and testing focuses on the elbow joint. The results of this project are intended to guide the 
development of a system for the entire arm in later research. 
A testing apparatus has been made to test individual technologies. The testing apparatus functions with 
each of the selected prototypes as an individual operation mode. The testing apparatus also limits 
movement to be exclusively within the plane of measurement. The apparatus is grounded, with an 
exoskeletal brace around the forearm to simulate an arm-stabilizing device. The target test subject is a 
right-handed adult with CP who is capable of strong, gross movements. The user may have assistance in 
attaching and removing the testing apparatus brace. 
The weight of the apparatus brace is an important factor. It may contribute to the damping capabilities 
of the design, and contributes to the subject's ability to use the apparatus for lengthy or multiple tests. 
The heavier the brace is to move, the more it fatigues the user and inhibits control of movement. 
Because of this, the weight of the forearm brace should not exceed 3 pounds. 
The testing apparatus design and participation of research subjects must also fit within the budget and 
time requirements for the project. These considerations may influence some design choices and 
component selections. 
The apparatus is intended for testing only, and is not intended for continuous or independent home use. 
The testing apparatus and prototypes must be durable enough to withstand testing, but are not 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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intended to be used for more than several hours at a time. Other features such as wearability, user 
comfort , and cost are concerns that may be considered in future design revisions, but are beyond the 
scope of this design . 
2.2 CONCEPTS CONSIDERED AND SELECTED 
The following subsections contain different elements of t he overall testing apparatus design. Each 
element of the overall design is given a major subsection, while the concepts considered and a decision 
matrix for that element are each given a minor subsection w ithin . 
The following decision matrices compare each of the design concepts with its ability to accomplish the 
applicable requirements and goals. Each table follows the color key in Table 1. The requirements may be 
weighted by some factor based on their importance to the design. The selected concept is discussed 
following each decision matrix . 
Some of the requirements that influence design choices are based on the design space {section 2.1) and 
are not elaborated as engineering requirements in section 1.2. These attributes , such as cost and 
availability, are important to include in the decision tables in order to gain a full view of the variables 
contributing to each design decision . 
Table 1. Color key . 
Color Code 
Points assigned 




The frame is the main structure of the testing rig, giving rigidity and strength to the testing 
components . The frame needs to have all attaching testing apparatus components safely 
mounted. The frame also needs to facilitate repeatable and reliable testing . 
2.2.1.1 Custom Fabrication Frame 
Designing and fabricating a custom frame allows for an eff icient solution , but-takes more time to 
design. It is also possible to have the material and labor donated to the project . It is possible to 
design and fabricate an adjustable custom frame that meets adjustability and testing 
requirements , but it may take too much time . 
2.2.1.2 Purchased T-5/ot Frame 
Designing a testing apparatus using available t -slot frame from a manufacturer easily allows for 
an adjustable frame. The frame is also easy to assemble or disassemble. Additionally, 
manufacturers allow for the various lengths of frame to be specified and cut before shipping, 
minimizing machining and fabrication time. This option minimizes design work to simply 
deciding how to piece together the available components to achieve the design requirements . 
Revision: 4 
ARM STABILIZER Effective Date : 4 May 2017 
Page 10 of 35 
2.2.1.3 Testing Apparatus Frame Comparison 
Table 2. Decision matrix for frame selection. 









Adjustability 2 1 
Availability 1 1 
Cost 1 3 
Design Time 2 1 
Total 10 7 
Selection of T-5/ot Frame 
The biggest advantages to designing with t-slot framing are the adjustability of size and design 
simplicity it allows . There are many additional components that are designed by frame 
manufacturers to interface with the frame . These can help in attaching the other systems and 
components to the frame. Buying the frame costs more, but the cost is acceptable . The frame 
parts can also be cut by the vendor, saving time on machining later. 
Torque/Speed Adjustment Selection 
Two motors are used in the design rig: one to drive the moving target, and one to be used in the 
active control system (see Appendix A). The motors selected need to have the torque and speed 
stepped up or down to match what is predicted to be seen in the tests. They must also be able 
to reverse direction instantaneously. 
Gearheads 
Gearheads are small gearboxes that can be purchased and mounted onto the motor. The 
internal gears scale the torque and speed by a specific amount which is determined by the 
gearing ratio. Different gear types are available , including worm gears, spur gears, and a 
proprietary Harmonic Drive system 10• Worm gears cannot be driven backwards, which is 
required by the test . Spur gearheads come in many sizes, but are subject to breaking at the 
levels required by the test according to a sales engineer from Micromo 11. The Harmonic Drive 
gearhead uses special gearing techniques that are backwards-drivable as well as strong . These 
gearheads are also very expensive. A challenge with using a gearhead is ensu ring that the 
output shaft of the gear system is in line with the axis of rotation of the elbow . 
V-belts and Pulleys 
Due to the greater variety of available components, using a pulley system connected by V-belts 
gives more design choice in selecting a gear ratio. V-belts and pulleys are also relatively 
inexpensive and robust. Another benefit to using a pulley system is being able to place the 
motors along a different axis of rotation. Using a pulley system also allows a wider variety of 
motor types to be used because a pulley can be mounted easily to almost any motor shaft . One 
problem that V-belts have is being dependent on a frictional interface with the pulley, can be 
prone to slipping, or being too loose if the pulley stretches. This problem can be helped by 
adding a belt tensioner to the system. 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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2.2.2.3 Torque/Speed Adjustment Comparison 
Table 3. Decision matrix for torque/speed adjustment selection . 












Pulley System Selection 
Using pulleys instead of gearhead motors allows for a more precise gearing ratio. Many 
gearheads that were evaluated do not meet the required power , speed, or torque. Additiona lly, 
a design engineer from Micromo (a manufacturer of motors and gearheads) , predicted that the 
gearing ratios required by the testing apparatus would result in the teeth of the gears breaking 4 • 
Pulleys are available in a wide range of sizes, achieving a more custom gearing ratio. Pulleys are 
much easier and cheaper to replace than gearheads are if they break, and do not break when 
driven backward . 
One problem with pulleys and V-belts is that the belts are prone to slip. This problem can be 
minimized by adding belt tensioners to reduce the slack in the belt . It is also determined that if 
the belt were to slip due to high resistance, the pulley system can help protect the test subject 
and the testing apparatus from harm by not forcing motion under very high resistances . 
While the V-belts are sufficiently durable for this application, they are inexpensive to replace 
should one be cut or snap. It is improbable that this should happen based on the test operation 
parameters and small stresses to be applied to the pulley system . 
Gearhead motors can also be very expensive. The Harmonic Drive gearhead eliminated the 
problem of breaking teeth , but would have cost about 25% of the total budget. The pulley 
solution is much more reasonable for the budget, allowing an active system to be included as a 
prototype . 
2.2.3 Arm Brace 
The different movement -control components need to interface with the test subject 's arm. The 
components are attached to the main shaft, which is attached to an arm brace and the user's 
arm . 
2.2.3.1 Purchased Medical Brace 
Arm braces are used in the medical field to help patients recover after surgery or injury by 
keeping the elbow locked in a specified position , or range of positions. These braces are 
relatively inexpens ive and come with mechanical stops that can help prevent overextension of 
the elbow . The braces used in the medical field are padded for user protection and comfort . 
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These braces are not meant to be machined on or attached to an outside system, so some extra 
design work may be required to attach a specific brace to the testing rig's rota t ing shaft . 
2.2.3.2 Custom Arm Brace 
A custom arm brace could be designed to interface with the test rig . A custom arm brace 
requires more design and fabrication time and materials. Due to the materials available for 
custom design, a custom brace is likely to be more bulky and heavy than a purchased medical 
brace, but can be designed to fulfill the requirements as desired. 
2.2.3.3 Arm Brace Comparison 
Table 4. Decision matrix for arm brace. 
Section Requirement Weight Medical Custom 
Brace Arm Brace 
1.2.5 Prevents Overextension 2 • .. 2 i' ;:J• \ . , 4 ·2; !;.~~i 
2.1 Cost 1 . ' '2 -~,-., 
'! "" 
;. )} 2 '""'~,·, 
2.1 Comfort 1 2 
. ' ,, 
'" * 
1 
2.1 Attaches to Test Rig 1 2 I ,;,;' 2,-•:~\'." ,, ,, 
2.1 Simplicity 1 ' ! ."½ 1 
2.1 Lead Time 2 2 ' 1 
2.1 Weight 2 2 •·, 1 
Total 20 12 
2.2.3.4 Purchased Medical Brace Selection 
Purchasing an arm brace can lower design and manufacturing times, allowing more time to 
design the testing rig. It is a relatively inexpensive option and has a short lead-time . A purchased 
brace is already ergonomically suited to the user and has a mechanical stop on it so the user's 
arm cannot be overextended. The brace can be adapted to be secured to the testing apparatus 
using a few bolts . A custom arm brace takes more time to design, manufacture , and assemble . 
2.2.4 Rotational Position Sensor 
A position sensor is to be placed at the elbow to measure the rotation of t he test participant's 
arm motions . The accuracy of the arm motion is determined by comparing the rotational 
position of the subject's arm to the rotational position of the target throughout the time of the 
test. The rotational position sensor is attached to the shaft of the arm brace or target 
(Subsystem 2 and 3, respectively; sections 3.2 and 3.3) to sense the motion as the shaft rotates. 
The rotational position sensor enables the design to meet Requirements 1.2.2 and 1.2.3 by 
measuring movement as changing position . 
2.2.4.1 Rotary Potentiometer 
Potent iometers are cheap, available, and easy to implement and program into a control system. 
These sensors are not usually able to measure beyond a full rotation . A rotational 
potentiometer must be placed along the same axis of rotat ion of the object that it is measuring. 
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2.2.4.2 Rotary Encoder 
2.2.4.3 
An encoder uses light to sense changing patterns in a spinning disk to determine how far the 
disk has moved since it started. These sensors can be adjusted to work in both directions at 
addit ional time and cost . Encoders have some problems with skipping pulses, which 
deteriorates the accuracy of the data collected . Incremental encoders are unable to determine 
an absolute position unless they are brought to a zero location each time they are used, before 
collecting any data. Absolute encoders can measure absolute posit ion, but are more expensive . 
Position Sensor Comparison 
Table 5. Decision matrix for sensor selection . 








Reversibility 1 1 
Accuracy 1 1 
Availability 1 1 
Cost 1 1 
Continuous Data 2 1 
Total 6 
Rotary Potentiometer 
Potentiometers are easy to integrate into a control system . They relate a voltage level to the 
rotation angle . They also give a constant reading of position. Potentiometers are not always 
able to measure beyond a full rotation , but this application does not require a full rotation. 
Potentiometers are also widely available and inexpensive. They are versatile and can be applied 
to many situations . 
In addition to absolute encoders being more expensive , only certain encoders can determine 
reverse movement . Encoders are not as accurate for angles less than a full rotation , such as 
those required by the test , but work better for spinning shafts. Encoders only output a signal 
after passing over certain points. In between these points , the encoder does not know how far 
it has moved, preventing data from being continuous . 
Because of the versatility, accessibility , and ease of use, linear rotational potentiometers were 
chosen for use . 
3 SYSTEM OVERVIEW 
There are two primary configurations of the testing apparatus, namely the Motor Damper configuration 
and the Rotary Damper configuration, shown below in Figures 3 and 4 respectively. Each of these 
configurations ut ilzes shared and individual subsystems which are described below in detail. The 
subsystems are numbered according to the figures , where each bubble refers to the subsystem number . 
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Figure 3. Motor Damper configuration of the testing apparatus. 
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Figure 4. Rotary Damper configurat ion of the testing apparatus . 
3.1 SUBSYSTEM 1-CHAIR 
The chair helps eliminate unwanted movement by allowing the user to sit comfortably during testing . 
The user's arm is placed into the arm brace, which is a part of Subsystem 2. The chair is positioned to be 
in proper alignment with the base frame (Subsystem 6). The chair is not attached to the other systems, 
and can be replaced by the test participant 's wheelchair if necessary . 
3.2 SUBSYSTEM 2 - BRACE AND SHAFT 
The medical brace is fastened to a steel plate (Figure 5), which in turn is welded to a precision shaft 
(Figure 6). The steel plate keeps the arm rigid and restrains elbow from any movement out of the testing 
plane. This shaft effectively is the axis of rotation of the user's elbow joint. This axial alignment makes 
any shoulder movement irrelevant , as it is not translated to the shaft and measured . The shaft runs 
through bearings mounted onto the adjustable frame (Subsystem 5) (Figure 7). The target (Subsystem 
3) is mounted onto the brace and shaft by two bearings, which are held in place by two shaft collars 
(Figure 8). All attachments onto the shaft are held down by set screws. The different damping 
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components are mounted to the end of the shaft . The large pulley, used in the motor damper 
(Subsystem 4), is connected to the shaft by using an overload protection coupling and a set screw 
(Figure 9). The rotational damper (Subsystem 7) is mounted to the end of the shaft using a rigid 
coupling (Figure 10). 
Brace 
Figure 5. Subsystem 2: Mounting the medical brace to a plate on the end of the shaft. 
Figure 6. Subsystem 2: The brace mounting plate is welded to the shaft representing the axis of the 
elbow. 
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Figure 7. Subsystem 2: Bearings mounted onto the aluminum brackets of the adjustable frame 
(Subsystem 5) hold the shaft in place . 
Shaft 
Shaft 
Figure 8. Subsystem 2: Shaft collars holding the target (Subsystem 3) in place . 
Revision: 4 
ARM STABILIZER Effective Date : 4 May 2017 
Page 18 of 35 
Figure 9. Subsystem 2: The rotational damper {Subsystem 7) mounted on the end of the shaft by an 
overload coupling. 
Figure 10. Subsystem 2: The rotational damper (Subsystem 7) mounts to the end of the shaft using a 
rigid coupling . 
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3.3 SUBSYSTEM 3-TARGET 
During testing, participants follow the movement of a target. The target is based around a standard 1 ½" 
diameter , schedule 40 pipe. Two bearings are press-fit inside the ends of the pipe (Figure 11). These 
bearings ride along the brace shaft (Subsystem 2), allowing the target to rotate about a common axis 
with the shaft , but independently of the shaft (Figure 12). A pulley is slid around the outside of the pipe 
and held in place by two set screws to prevent slipping between the two bodies (Figure 11). The pulley 
is driven by the target motor using a V-belt . The motor is held by the platform of the adjustable frame 
(Subsystem 5) and is controlled by the Target Control System (Subsystem 8). The V-belt is held in 
tension by a tensioner assembly, which is mounted on a cross-member of the adjustable frame (Figure 
13). A piece of stock steel angle is welded onto the target pulley. This allows the target arm to be rigidly 
connected to its base, without the possibility of warping the pipe out of the needed alignment . Two 
bolts connect the stock angle to an aluminum pointer. The pointer is bent at a 90° angle (Figure 12), 
such that the tip extends towards the test subject , seated in the chair (Subsystem 1). The tip of the 
pointer serves as the target that the subject follows during testing. The target arm can be extended 
along the stock angle as needed, based on the height of the test subject . 
Figure 11. Subsystem 3: Cross-section view of pipe with bearings press-fit inside . 
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Figure 12. Subsystem 3: Target assembly . 
Figure 13. Cross-section of general arrangement showing the placement of various pulleys. 
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3.4 SUBSYSTEM 4-MOTOR DAMPER 
The motor damper serves as one of the control prototypes being tested. In this configuration, a second 
motor mounts to the platform of the adjustable frame (Subsystem 5) (Figure 13) and is connected by a 
V-belt to a large pulley, which is mounted in line with the shaft of the brace (Subsystem 2) (Figure 9, 
Figure 14). The pulley is mounted on a separate precision shaft, which is held in line by a bearing 
mounted to the adjustable frame (Figure 14). An overload protection coupling connects the shafts of 
the brace and the motor damper (Subsystem 2 and Subsystem 4) and prevents the motor from injuring 
the test subject (Figure 9, Figure 14). The V-belt connecting the motor to the large pulley is held in 
tension through a belt tensioner assembly, which is mounted on a cross member of the adjustable 
frame (Figure 13). The motor is used in a feedback control system (Subsystem 9) . 
Figure 14. Subsystem 4: Shaft and large pulley mounting . 
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3.5 SUBSYSTEM 5 -ADJUSTABLE FRAME 
The frame is made of standard T-slot frame and a few custom-made pieces that allow bearings to be 
mounted to hold the shaft of the brace and the motor damper (Subsystem 2 and Subsystem 4) (Figure 7, 
Figure 14). Each custom piece is made of aluminum bent to form a U-shaped bracket, which can then be 
bolted to the T-slot frame using purchased gusset plates (Figure 15). Two of the custom pieces are 
configuration-specific and are sized to fit with either the motor damper or rotational damper 
(Subsystem 4 or Subsystem 7). The frame is built around a central platform that holds the two motors of 
the target and motor damper (Subsystem 3 and Subsystem 4) (Figure 13, Figure 16). The frame mounts 
to the base frame (Subsystem 6) through four linear bearings (Figure 16, Figure 17). These linear 
bearings allow the frame to adjust vertically to fit the height of the test subject, bringing the brace shaft 
in line with the test subject's elbow. The adjustable frame is held in place by four hand-tightening 
brakes, one through each linear bearing (Figure 17). 
Figure 15. Subsystem 5: Mounting the U Brackets to the T-slot frame using gusset plates. 
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Figure 16. Subsystem 5: Overview of subsystem showing motor mounting plate , linear bearings, and U 
brackets . 
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Figure 17. Subsystem 5: The adjustable frame mounts to Subsystem 6 using linear bearings, and is held 
in place by hand brakes. 
3.6 SUBSYSTEM 6- BASE FRAME 
A second frame is made of standard T-slot frame. This frame supports the adjustable frame of 
Subsystem 5 by having a long base to stabilize the entire apparatus (Figure 18). The base frame simply 
sits on the floor . The adjustable frame is mounted through the using bearings, which slide vertically 
along the beams of the base frame (Figure 17). 
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Subsystem 5 
Figure 18. Subsystem 6: The base frame provides stability to Subsystem 5 . 
3. 7 SUBSYSTEM 7 - ROTATIONAL DAMPER 
The rotational damper is a separate configuration that is tested as a control method. It is mounted to 
the adjustable frame (Subsystem 5) on one of the custom aluminum U-brackets . The damper has a ½" 
square drive which connects to a standard socket of the same drive . This socket is coupled to the shaft 
of the brace (Subsystem 2) with a rigid coupling that tightens down on both the socket and the shaft 
with set screws (Figure 19) . 
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Figure 19. Subsystem 7: Rigid coupling bridges Subsystem 2 and square drive socket . 
3.8 SUBSYSTEM 8-TARGETCONTROLSYSTEM 
The target motor of Subsystem 3 is controlled using a Lab View program (Appendix E). The program 
moves the target arm (Subsystem 3) to various positions, in different patterns, for the test subject to 
attempt to follow . The actual position ofthe target arm is monitored by a linear rotary potentiometer 
attached to the output shaft of the target motor. The data recorded is fed back to the Lab View 
program to adjust the position if needed. 
3.9 SUBSYSTEM 9-MOTOR DAMPER FEEDBACK CONTROL SYSTEM 
The motor attached to the large pulley of the adjustable frame (Subsystem 5) applies a counter torque 
to the brace shaft (Subsystem 2) to stabilize the random movements of the test subject. The motor is 
controlled by a Lab View program (Appendix E) that measures the rotation of the arm brace and 
calculates the speed of the test subject 's arm. If the speed is determined to be too quick , the program 
sends a signal to the motor to apply a counter torque to slow and stabilize the movement . The signal is 
proportional to the calculated speed of the arm. The position of the arm brace is mon itored by a hollow 
shaft potentiometer mounted in between the U brackets of Subsystem 5 (Figure 20). The 
potentiometer is stabil ized by a bracket that mounts to the rails of Subsystem 5 (Figure 20). 
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Figure 20. Subsystem 9: Section view of the hollow shaft potentiometer mounted in between the U 
brackets of Subsystem 5 . 
3.10 SUBSYSTEM 10-INERTIAL SYSTEM 
During testing, the inertial control prototype is attached to the arm brace (Subsystem 2) near the wrist 
or hand . This prototype is a simple hand weight that is attached via Velcro straps . This system is passive, 
adding movement control by increasing inertia to resist movement. Because there is no literature 
describing the mechanics of a prototype like this , or advising the amount of weight to be used, a one-
pound weight and a three -pound weight are included in testing. Measuring the effects of two different 
weights can give insight to what an appropriate weight might be for this prototype . 
4 MANUFACTURING STRATEGY 
The testing apparatus design is mostly composed of parts manufactured or supplied by other 
companies. These parts include the main components for the frames, bolts , and pulleys. The frame 
consists of aluminum t-slot frame, manufactured and cut to length by 80/20 Inc. Purchasing pieces that 
were cut to length by the manufacturer saves time and makes assembly simpler. Additional gussets, 
bolts , and other components for the frames were also purchased from 80/20 Inc. Other nuts, bolts , 
bearings, and pulleys were purchased through McMaster -Carr . 
Electrical components were purchased from multiple sources. These components are not manufacturer -
specific and can be interchanged with parts made by a different manufacturer, given they have the same 
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specifications. Some manufacturers require longer lead times with their parts . The hollow shaft 
potentiometer was made by Siko Products Inc. and had the longest lead time of five weeks. 
Tradestar Corporation of Salt Lake City manufactured some parts of the testing rig. Subsystem 3, the 
ta rget assembly (referred to as Subassembly A09 in the drawing packet) , had parts manufactured 
according to drawings A09, 601, 603, and 604. 
5 PROOF OF CONCEPT RESULTS 
As detailed in the Provisional Test Report (Appendix G), the testing apparatus functions as desired to 
measure and record data. The motor damper prototype also functions as a method of providing 
resistance against certain movements . These results show that the concept of an arm stabilizer is 
feasible. The prototypes have not been tested for use with subjects who have CP, and this testing is 
necessary to fully prove the concept of controlling limb motion in persons with CP. Proof of concept 
testing should be performed in order to decide whether to further pursue the development of an Arm 
Stabilizer using these technologies or prototypes. 
6 SPECIAL TOPICS 
6.1 ENVIRONMENTAL AND SOCIETAL IMPACT 
The environment al impact of each of the proposed concepts is low. Most of the components used in 
building the testing apparatus were purchased from a large manufacturer , where it is reasonable to 
believe that manufacturing is done efficiently and waste is disposed of responsibly. Wherever possible, 
parts and labor were sourced locally to reduce the need for travel or shipping . The wiring and 
programming involved contain small amounts of hazardous materials and any electrical components will 
be recycled if they are to be disposed of . The bulk ofthe frame and apparatus components will also be 
recycled if they are to be disposed of. The construction and operation of the apparatus does not require 
large amounts of energy input. 
Each prototype considered for testing can have a positive societal impact if it can be proven to help 
control gross movements. Further iterations of this research can be used to find the solut ion that is 
most environmentally-friendly as well as the most helpful to society. 
6.2 SAFETY 
Overall , each concept poses minimal safety risks. An active prototype that includes motors and electrical 
components poses additional risks with more moving parts and electricity , but the power supplied to 
the unit is small and low-risk. For the mechanical prototype , dampers are closed to protect against pinch 
points that can be caused by the dampers . 
Because the prototypes will ultimate ly be tested on human subjects , testing safety is of great concern. 
The proposed testing has a low impact on individuals. It is classified as it is a minimal risk study, meaning 
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the physical and psychological risks involved are no great er than those encountered in everyday 
activities . The activities involved in testing are likely to be similar in intensity to an activity that may be 
experienced in physical or occupational therapy 12 • Research participants may experience mild 
discomfort while putting on or removing the arm brace, but this can be quickly addressed . Participants 
may experience some fatigue due to testing , and can stop the testing at any time if they do not wish to 
continue . The test focuses on performing a simple and common arm movement for one minute at a 
time , for a maximum of 20 total minutes of movement . Testing poses low physical and mental risks to 
the participants . 
6.3 BILL OF MATERIAL (BOM) OVERVIEW 
A full bill of material can be found in Appendix C. 
• Frame 
o T-Slot Aluminum Rail, Aluminum Plate 
• Frame Components 
o Bolts, Gussets, Brakes, Bearings 
• Electrical Components 
o Motors, Power Supplies, Data Acquisition, Potentiometers 
• Mechanical Components 
o Bearings, Pulleys, Tensioners , Belts, Rotational Damper 
• Additional Fasteners 
o Nuts, Bolts, Washers, Set Screws, Shaft Collars, Couplings 
6.4 BUDGET 
The total budget is $4,750. Table 6 shows the total expenses for the project separated into the groups 
shown in the bill of material overview (section 9.3). As shown , electrical components cost the most 
because of the quantity and variety needed to operate two motor systems (motors, drivers , DAQs) . 
"Other Expenses" are items that were purchased before the test apparatus was finalized and that were 
unable to be incorporated into the final design . A complete table of the bill of materials and cost of 
individual items is shown in Appendix C. 
Table 6: Grouped expenses based on BOM overview . 
Description Cost 
TOTAL BUDGET: $4,750.00 
Frame $200.60 
Frame Components $726.60 
Electrical Components (motors, DAQs, power supplies, controllers) $2,056.67 
Mechanical Components (bearings , pulleys, tensioners) $892.50 
Additional Fasteners/Components $151.67 
Other Expenses $147 .70 
Freight Charges $249.18 
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TOTAL EXPENSES: I $4,424.92 
6.5 LESSONS LEARNED 
The scope of this project was changed several times from its original proposal to the final proposal. The 
grand vision of creating a wearable arm-stabilizing device for persons with CP is a much greater 
undertaking than it initially seems. As such, the project would have gone much more smoothly if the 
initial proposal had been more fully sketched out. As the project began, a consultation with an 
occupational therapist helped clarify the underlying needs of the project, such as the difference 
between the tremors caused by Parkinson's disease and CP. This information invalidated many of the 
assumptions that had been made about the project initially. Because of this setback, it is recommended 
that future project proposals of this nature involve a consultation to some degree with an expert in the 
field. This is especially necessary for projects that may involve interdisciplinary needs or considerations, 
such as medical devices. 
Another difficulty throughout the project was a general lack of experience or knowledge about CP. None 
of the design engineers had any experience working with anyone who has CP, and it proved quite 
diff icult to find good video of how someone with CP typically moves their limbs, or to collaborate with 
someone with CP to be able to ask questions . Due to this, the engineers were forced to make some 
assumptions about the characteristics of CP and the preferences or difficulties of those who have CP. 
Having greater access to this information would have aided design with greater certainty, and allowed 
for details such as the comfort and convenience of persons with CP to be developed . 
As the project definition shifted from product design to research, it became clear that conducting testing 
with human subjects would be ideal. This project is the first capstone project that has tried to use 
human test subjects other than incidental testing by the engineers themselves . This involved a lot of 
additional paperwork to get the research approved by the university's Institutional Research Board 
(IRB). Being generally unaware of what this required affected the schedule negatively, as new steps and 
requirements made achieving the original milestone goals significantly more difficult. The project was 
delayed to file paperwork and apply for approval of testing and recruitment methods . Recognizing the 
full requirements for the project earlier on would have allowed for better scheduling. In future research 
with human subjects, gaining IRB approval should be one of the first steps begun so as to allow for 
review time and ample testing time . 
7 RECOMMENDED FUTURE WORK 
The testing apparatus designed in this project is intended to be used for future testing that will provide 
valuable information to assist in developing an Arm Stabilizer . This section outlines potential 
improvements to the current testing apparatus design as well as work that is anticipated to be done 
using the testing and results . 
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7.1 PROPOSED IMPROVEMENTS TO TESTING APPARATUS 
While the testing apparatus is functional as designed, several suggestions are made for potential 
improvements on the design and programming . These may be considered before testing if time and 
resources allow . 
7.1.1 Chair Support 
Due to the variability of cerebral palsy, test participants may have a variety of needs and abilities 
regarding sitting in a chair . A simple chair does not allow for all potential participants to be included. 
Non-ambulatory participants will likely bring their own wheelchair , and the testing apparatus should be 
adjustable to typical wheelchair heights. Upgrading the shaft of the arm brace to adjust or extend 
farther out from the testing apparatus would prevent interference between the range of motion of the 
brace and the participant's chair. Currently, the height of the brace is adjustable by releasing the brakes 
on the linear bearings. These bearings can be adjusted to allow for more movement if necessary . 
For ambulatory participants, it is unlikely that they will bring a wheelchair with them. Nevertheless, 
some of them may require assistance to remain in a seated position . A more ideal chair would include a 
very supportive back and straps to help participants remain upright in the chair with ease. Obtaining a 
better chair will allow for a greater number of participants to be involved in the research . 
7.1.2 Pulleys and V-Belts 
Pulleys and V-belts were chosen for use in the target and motor damping prototypes (Subsystems 3 and 
4). As was detailed in Table 3, V-belts and pulleys were chosen based on the affordability and durability 
needed for the testing application. Unlike gears, belts can slip. Although tensioners were used in both 
prototypes, slipping creates problems with setup and calibration of the sensors. Allowing the belt to slip 
is desirable as a safety feature for the motor damper. If the motor damper tries to force too much 
motion, the belt will slip given enough resistance. This ensures that the motor damper will not 
overpower the mechanical stops on the arm brace and potentially harm the test participant. However, 
in the target system the slip is unnecessary, so it may be appropriate to consider alternative concepts 
such as a gear and chain. In both prototypes, the slip was especially problematic when used with high 
impulses. Strong impulses are expected to be characteristic of the spastic movements being targeted by 
the damping system; therefore, it is recommended that solutions be investigated to minimize the effects 
of slip in the motor damping prototype . 
7.1.3 Target Position Sensing 
The Target Control System (Subsystem 8) is controlled by a simple, open-loop program that also reads in 
the rotation of the target motor 's shaft as a function of time. The potentiometer used is basic and 
performs the function as needed, but there is concern about the slip between the target and the target 
motor . Initial tests showed that the belt would slip. As the belt slips, the potentiometer loses its 
calibration and must be re-calibrated or the data read is unreliable. The slip can also lead to potential 
damage to the potentiometer; if it is turned far beyond its range of motion, it runs into a mechanical 
stop within the device and can break off. Solving this problem would be best accomplished by 
eliminating the slip between the target motor and the target. This must be accomplished before 
permanently attaching the target potentiometer . 
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7.1.4 Programming Improvements 
The programming uses National Instruments LabView. Due to time constraints, two different programs 
were written to test the target control and motor damping capabilities separately. Both programs 
suffered from slow processing speeds within LabView, with an average loop time of about 65 
milliseconds . This causes significant delays in the response of the systems and drew out the time of a 
testing cycle from about 50 seconds to over two minutes. 
For the target control, the delay causes the target to lose the specified path and run out of range. This 
problem could easily be fixed by placing the target control system into a closed loop, rather than 
running the control open loop . This way, the target would correct to the path and automatically adjust 
the gain. This would also help the target be more consistent in the upward motion , as the motor had 
difficulty pulling the target up with the same gain that it used to drop the target down. Another possible 
solution to fixing the target control would be to adjust the waveform to better match the speed of the 
loop, so that the loop is executing at the same speed the input waveform dictates . 
Fixing the delay in the motor damper control is more difficult because the exact cause is not clear . One 
problem that was seen is noise in the system, which degrades the derivative that the output voltage is 
based on . The noisy derivation process causes an inconsistent response to impulses from the test 
subject . Another problem is that the output voltage turns on only in short sports. These short bursts 
are not usually long enough to cause a significant change in the motor . If the threshold criteria for the 
motor to be turned on is reduced , then the motor begins to behave more as expected, giving more 
significant resistance to the motion of the test subject's arm . However , this also causes the motor to 
activate and resist motion more than is desired. 
Another problem inherent in the motors is the dead band that exists in the applied voltage before the 
motor begins to spin. Basic tests showed that for both motors, the dead band was overcome around 2.5 
Volts. This dead band is caused by the inertia of the rotor, and the frictional forces that are present. This 
problem was addressed in the programs by applied a "Voltage Offset" whenever a voltage was output to 
the motor. This worked well for initial tests, but could be improved on in the future . 
7.2 PERFORMING TESTING 
Depending on where testing is performed , different steps may need to be taken . For example , if testing 
is conducted under the guidance of a university, approval must be sought from the un iversity's 
Institutional Review Board (IRB). This approval must precede any testing activities , including 
recruitment. 
A consent document was prepared to be given to test participants prior to testing . It serves to inform 
potential test participants of the risks and benefits associated with participation in the test and 
describes how test participants will be expected to participate in the study. It is included as Appendix H 
and may be used as a guide or quoted directly to prepare an appropriate document for future testing . As 
is, it has not been approved for use and may not be appropriate for all situations . 
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Testing methods should follow the description found in section 1.1.5 using the testing apparatus and 
program that have been developed. Some adaptation may be necessary depending on the needs and 
abilities of test participants , such as adjusting the length of each test or allowing for more rest time 
between tests . 
It is also advised that test participants be compensated somehow for their participation and the effort 
they put into helping the study . 
7.3 TESTING EVALUATION 
To evaluate the performance of each testing prototype, results will be compared against a test with no 
damping component attached as a control variable. The results are weighted according to their 
necessity to the function of an arm-stabilizing device . The performance of each prototype will be 
averaged across the number of tests performed . These values will be used to quantify the overall 
performance of each prototype relative to the others . 
As described in section 1.1.5, Result 1 measures overall accuracy of the test participant's motion in 
following the target . Result 2 measures the steadiness of holding a position for two seconds. Result 3 
measures speed relative to the control run . 
In the case of Results 1 and 2, the time spent within bounds and the accuracy of reaching the target can 
be calculated to represent a percentage of the overall possible range of motion . These percentages 
receive a certain number of points according to the key in Table 7. In the evaluation of Result 3, the 
prototype receives points based on how much faster it is than the control run . 
The weight for each result is shown in Table 7. The stability (Result 1) is considered the most important . 
This is a higher-level function than merely arriving accurately at a target, which is demonstrated by 
Result 2. Both of these results are important factors in ultimately being able to accomplish tasks such as 
eating and grooming. The speed (Result 3) is a helpful and desirable attribute but is not critical to the 
functional success of the technology . Because of this, the third result has the lowest weight factor. Each 
prototype's final score is the total of their three result scores. This total score demonstrates which 
prototypes, if any, are best suited for further development of an Arm Stabilizer. 











Excellent --2 points 
Accurate within 2% 
Accurate within 2% 
More than 2 seconds 
faster than control 
Acceptab le--1 point Unacceptable--0 points 
' . 
ii-- . . ~ t"_ ~ 
Accurate within 5% Not accurate within 5% 
Accurate within 5% Not accurate within 5% 
0-2 seconds faster Not faster than contro l 
than control 
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7.4 APPLICATION OF RESULTS TO AN ARM STABILIZER 
Based on the test results, it is recommended that successful prototypes be further investigated to create 
more developed designs. Additional research may be necessary to expand the degrees of freedom of 
motion to planes and rotations other than the one in this test . From there, the information can be 
applied to other joints such as the shoulder and wrist . Ultimately, the design aims toward a mobile form 
that is compact and light , allowing the user to easily move the Arm Stabilizer. 
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MGma il Jac ob Er ickso n 
MICROMO I Motor/gearhead information 
Ch ri s Odom <chris .odom@m icromo .com > 
To: 
Wed, Jan 4 , 2017 at 2 :15 PM 
Hey Jacob , 
I was trying to find some information about what I was talking about but didn 't find anything good . What I was trying to 
convey is that if you were to tum the output shaft of the gearhead that the reflected moment of inertia that the early 
stage gears sees will be extremely large - this is a major cause of failures that we frequently see . 
Our motors are very good , but also very costly ; this is mainly due to our target markets of medical devices, 
semiconductor industries , etc . . . I would hate lo have you wa~ several weeks for a motor we think may work , and then 
the first time you try to use it the teeth of the gears shears off when you try backdriving it and then you are out of luck . 
would encourage you and your partne r/group to look into more ways to sense movement of the arm (accelerometers, 
gyrocopes , etc .. ). If you were to gather information about movement and then process it, controlling movement of the 
motor would be less risky . 
As I stated in the beginn ing of the call , that sort of torque is at the very upper range of our offerings (and hence very 
expensive , we specialize in much smaller motors) , so you might be able to find a more cost effective solution if you 
keep looking . 
I hope this helps you! Feel free to contact me anytime for more information or to answer quest ions . 
Best regards , 
Chris Odom, Application Engi neer 
MIC ROMO 
14881 Evergreen Avenue 
Clearwa ter, FL 33762-3008 USA 




o nmnb<:, of cite FAllutAHR GROUP 
Revision: 4 
ARM STABILIZER Effective Date: 4 May 2017 
Page Bl of B6 
Appendix B 
Prototype Concepts and Design 
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B.1 CONCEPTUAL ANALYSIS 
B.1.1 CONCEPTS CONSIDERED 
The original idea comes from the customer, RJ Cooper. The customer has claimed there is no device 
currently available that performs similar functions . A brief patent search supports this claim. The 
engineering team's purpose is to conduct research by testing various prototypes. The results of this 
research should provide information to aid in the development of an arm stabilizer . 
There are many possible concepts for a solution . Four of them are considered for proof-of-concept 
testing in this research . These concepts are detailed in the following subsections. Other concepts are 
considered to be beyond the scope of this project but are still discussed here, as they may prove useful 
to others who attempt to solve similar problems or further the research on arm stabilization . 
One concept that is beyond the scope of this project is artificial nerve signaling . By introducing nerve 
signals to the arm, it may be possible to control the muscles in such a way that support desired 
movements while suppressing undesired movements. This could be accomplished by activating the 
muscles to counter undesired motion or interfering with the user's own neural signals that create 
undesired motion. Successful implementation ofthis concept requires extensive understanding of the 
mental and physical state of those with CP. This may be a solution that can only apply to certain 
candidates based on individual physiology . 
Another concept that was considered , but not pursued is using a Proportional-Integral-Derivative (PID) 
controller as part of an active system. While these controls can be easy to implement, they often are 
harder to control with great accuracy or stability . After consulting with a professional in control 
systems, this concept was discarded due to a need of greater control. 
Linear, piston-type dampers filled with non-Newtonian fluid were also considered . Some initial research 
showed that these dampers are not readily available to the scale requirements of this project and would 
need to be custom-made . In order to focus on solutions with more readily-available materials, this 
technology is no longer being considered . 
Additionally, linear viscous dampers would require too many attachment points for a simple proof of 
concept design. These types of dampers could also be problematic if torsion were applied to the 
stabilizer. One solution to this could be attaching wires to the dampers and running conduits along the 
stabilizer with the dampers located off the main brace . Due to the concept's complexity , this design was 
removed from consideration for proof-of-concept testing . 
B.1.1.1 Description of Concepts 
Each concept that was considered for inclusion in this study is described in the following subsections . 
These concepts were considered to be most feasible to the scope of the study . 
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B.1.1.1.1 Passive System (Mechanical Dampers) 
Using a passive system of mechanical dampers may include a combination of several kinds of dampers . 
Designing a passive system precludes the need for a power system, wiring, or programming. Passive 
system components tend to be bulkier and heavier, which may influence later designs of an arm 
stabilizer. Mechanical damping concepts should be tested individually to isolate each concept . 
B.1.1.1.1.1 Torsional Damper 
Torsional dampers have been considered because of their potential for a more compact size and 
minimal weight. They are widely used in large mechanical applications such as diesel trucks . Although 
more difficult to find, smaller dampers exist, and testing may be necessary to determine if they are 
powerful enough for this application . 
B.1.1.1.1.2 Magnetic Dampers 
Magnetic dampers have been considered in the design because of their ability to reduce the speed of a 
system. A common design involves a magnetic flywheel that generates eddy currents as it moves . The 
electromagnetic field generated acts against torsional vibrations and damps movement. A matter of 
concern of this design is that magnetic dampers are more likely to produce heat due to the reduction of 
kinetic energy . This problem should be studied and addressed in test plans. Magnetic dampers are 
commonly used in automobile braking and aviation . 
B.1.1.1.2 Active System (Electric Motors) 
An active system allows the Arm Stabilizer to use sensors to sense when the arm is moving. The sensor 
then sends a signal to a motor to counteract the movement. By implementing the motor and sensor in a 
closed-loop system, it is possible to control when the motor turns on . This allows the Stabilizer to be 
tuned to certain arm speeds and moments. 
B.1.1.1.3 Weighted System 
Weights are already used to help people with CP control their movements, usually in the form of 
weighted silverware for eating. The added inertia can give resistance to smaller tremors and results in 
better stability and control over their hand movements . A weighted system may contribute more to the 
overall fatigue of the user, which after time tends to make tremors worse. Testing a weighted system 
may prove valuable as a comparison to determine that other concepts are working by virtue of their 
damping components rather than the added weight . 
B.1.1.1.4 Vibrational System 
In some studies, mild vibration has shown to reduce pain in patients and relax the nervous system . 
Whole Body Vibration (WBV) has been used in physical therapy to increase the mobility of children with 
CP1•2• It is possible that applying vibration to the arm may relax the tension or unnecessary muscle firing 
that is causing the tremors and lack of motion control. This concept is a more recent development in 
treating various ailments , and may require consultation with a professional to understand the medical 
background to this possibility . 
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B.1.2 PROPOSED CONCEPTS 
In order to collect data and compare the concepts being considered, as many concepts will be tested as 
possible. The concepts tested are limited by feasibility and simplicity rather than how well they are 
expected to perform. Therefore , it is anticipated that the weighted system, active system, and a passive 
damper will be tested . 
B.2 SYSTEM OVERVIEW 
The project includes several designs of different systems to be tested . Each system is adapted to fit the 
same type of arm brace and testing rig, and is subject to the same testing. This allows for the 
comparison of the efficacy of each system as a potential solution to the design . 
B.2.1 PASSIVE SYSTEM: ROTATIONAL DAMPER 
The passive system uses mechanical components that reduce unwanted movement in daily living 
activities . As a passive system, it requires no wiring or programming once the damper has been 
connected to the arm brace and testing rig . 
A single, rotational damper is connected at the outside elbow joint ofthe stabilizer. The damper will be 
connected over the point of rotation of the elbow , thereby influencing the motion of the elbow . 
B.2.1.1 Weighted System 
The weighted system features various weights placed around the arm brace. As seen in Figure Bl , the 
weights are placed near the extremity of the arm, where they create a greater moment and reduce the 
overall added weight . Two weight configurations are tested: 1 pound and 3 pounds . Weights can be 
made of sand bags or metal discs, and are attached directly to the arm brace or to straps that place the 
weights at locations other than over the brace itself . 
The weighted system can impede undesired motion by slowing the overall motion of the arm. Weights 
placed along the arm brace create moments and added inertia that give resistance against minor and 
uncontrolled movements . The weights are not heavy enough to impede larger, more intentional 
movements so that they may be performed with greater control. By affixing weights to the arm brace in 
certain locations , the user can have better arm control for many tasks, rather than being limited to tasks 
where they must hold a weighted instrument in their hand . 
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Yellow indicates placement of weights. 
Figure Bl. Potential weighted system design. 
B.2.1.2 Active System 
This system utilizes an electric motor to resist an induced moment in the elbow. The size of the motor 
was determined by doing tests to estimate the average speed and strength of an arm. The motor is 
mounted over the natural axis of rotation of the elbow (see Figure B2). This enables the motor to 
counteract moments about the elbow. The motor is controlled by a LabView program that will turn the 
motor on or off depending on the speed of the motion. If the motion exceeds a specified speed, then 
the program senses the fast motion and the motor applies a counteracting moment to help slow and 
steady the intended motion . If a motion is slow and steady, the program does not sense the motion and 
will do nothing. 
Motor 
Sensor 
Figure B2. Potent ial sctive system diagram. 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
I 
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The main disadvantage to this system is the size of the components . The power need changes 
depending on the size of the motor. The motor used in this study is also far too large to be used outside 
of an experimental setting. These components force the test design to be grounded rather than free -
moving. Another disadvantage to this system is that it is more delicate because of all the small 
components associated with it. This system needs to include a housing for the electrical components , 
with covers for the wiring . 
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Appendix C 
Bill of Materials 
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Overload Couol er 
Shaft 
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Tensio ner 
Tension Pulley 
























Arm Stabilizer - Bill of Materials 
Description 
Frame 
18 Inches 1.00" X 1.00" T-Slotted Pro fil e - Four Open T-Slot s 
22 Inches 1.00" X 1.00 " T-Slott ed Profile - Four Open T-Slots 
23 Inches 1.00" X 1.00" T-Slotted Profil e - Four Open T-Slot s 
24 Inches 1.00" X 1.00" T-Slotted Profile · Four Open T-Slots 
32 Inches 1.00" X 1.00 " T-Slotted Profile - Four Open T-Slots 
33 Inches 1.00" X 1.00" T-Slotted Profil e - Fou r Open T-Slot s 
Chair 
Frame Components/Fasteners 
10 Series S Hole - 90 Degree Angled Flat Plate 
10 Series 4 Hole - Tee Flat Plate 
Bolt Assembl y: (2) 1/ 4-20 x .500" Black FBHSCS and Doubl e Slide-In Economy T-Nut - Black Zinc 
Bolt Assembl y : (3) 1/ 4-20 x .500" Black FBHSCS and Tripl e Slide-In Econom y T-Nut • Black Zinc 
10 Series Short - Single Mount Unib eariml',. Assembl y 
10 Series " l " Handl e lin ear Bearin g Brake Kit 
10 Series Single Arm Narrow Panel Retainer 
Bolt Assemb ly: 1/ 4-20 x .500" Black FBHSCS and Slide- In Econo my T-Nut • Centered Thread • Black Zinc 
Electrical Components lmotors,daq s,powersupply controllers) 
lro nHorse standard perform ance DC perm anent magnet motor, SCR-PWM rate d, 1/4hp , 12/ 24 VDC, 1854/ 437Srpm, TENV, small fram e, 
roll ed steel, flanRe mount. 
lronHorse DC dr ive, 12-48 VDC inp ut, 1-phase, 1/ 50 to 1/ 4 hp 12 VDC and 1/ 12 to 1 hp 48 VOC, 20A max output curr ent , open fr ame 
enclosure, PW M out out. 
lronHorse parallel shaft DC gearm otor, 1/S hp, 12 VDC, 154rpm , 61 in-lb full load torqu e, 15.6 FLA, 11:1 rat io, 5/ Sin shaft diameter. 
DC 12V 20A 120W, AC 110V/ 220V Swit chinR Powe r Supply for CCTV, Radi o, Comp ute r & Proiect 
Geared Potenti ometer Type GP09 
Natio nal Instrume nts myOAQ 
Nat ional Instr uments myOAQ 
14 Ga2e w ire - 24 ft (4 @6 ft ) 
Wa llPlu as 
Mi scellaneou s elect rical equipm ent 
Mechanical Components (Bearlngs ,pulleys , tens ioners) 
l ow -Profil e Tw o-Bolt Flange-Mounted Ball Bearing, 52100 Steel w it h Stee l HousinR, fo r 3/ 4" Shaft Diameter 
Zinc V-Belt Pulley fo r a-Sectio n Belt s, 3.25" 0 0, 1/ 2" Bore Size 
Zinc V-Belt Pull ey fo r a-Section Belt s, 3.25" OD, 5/ 8" Bore Size 
Bushim1.-Bore Pulley for a & 8-Sectio n V-Belts, Quick-Disconnect , One-Groove , 3.75" OD, SH Bushin a 
Ball BearinR, FlanRed, fo r 3/ 4" Shaft Diameter , 1·5/ 8" OD 
Over-Torau e-Preventi on Shaft Couplim r. Flexibl e, for 3/ 4" Shaft Dia, 75 in-lb Torqu e 
Rotary Shaft , Black-Oxide 1045 Carbon Stee l, 3/ 4" Diameter , 24" lon R 
Zinc V-Belt Pulley fo r a-Secti on Belt s, 1.5" OD, 1/ 2" Bore Size 
Zinc V-Belt Pulley fo r a-Section Belt s, 10" OD, 3/ 4" Bore Size 
Roller Chain/ Belt Tension er w ith Adiu stm ent Arm , Verti cal Mount , for 3/ 8" Idler Bore 
Nylon Idler Pulley w ith Ball BearinRs for 4l , A, and Ax V-Betts, 3" OD, 3/ 8" Bore Size 
ACE, Part ial Rotatio n Anale, Adiustable Damo ina toroue 4 Nm to 40 Nm 
1/2 Inch Too Widt h X 54 Inch Outside Measurement - 52 inch inside measurement 
1/ 2 Inch Too Width X 58 Inch Out side Measurement -- S6 inch inside measurement 
1/ 2 Inch Too Width X 51 Inch Out side Measurement -- 49 inch inside measurement 
1/ 2 Inch Top Width X 43 Inch Outside Measurement - 41 inch inside measurement 
Additional Fasteners/Components 
Medium-Strength Grade 5 Stee l Hex Head Screw, Zinc-Plated, 7/ 16"- 14 Thread Size, 3/ 4" lonli! 
Medi um -Strength Stee l Hex Nut , Grade 5, Black-Oxide, 7/ 16"- 14 Thread Size 
Grade 8 Stee l Washe r, Zinc-Alum inum Coated, 7/ 16" Screw Size, 0.469" ID, 0.922" OD 
Set Screw Shaft Collar for 3/ 4" Diameter, Black-Oxide 1215 Carbon Steel 
Type 316 Stain less Ste el Cup Point Set Screw , 1/ 4"-20 Thread , 5/ 16" Long 
Bracket, 2" Lona for 1" High SinRle Profil e Aluminum T-Slott ed Framin R EKtrusion 
Medium -Str enath Grade 5 Steel Hex Head Screw , Zinc-Plated, 1/ 4"-20 Thread Size, 1-1/ 4" Lona, Parti ally Threaded 
18-B Stainless Steel Washer for 1/ 4" Screw Size, 0.281" ID, 0.625" OD 
Medium -St rength Stee l Hex Nut, Grade 5, Zinc-Plated, 1/ 4"-20 Thread Size 
Medium -Str enRth Grade 5 Steel Hex Head Screw , Zinc-Plated, 3/ 8"-16 Thread Size, r l ong, Fully Threaded 
316 Sta inless Steel Washer fo r 3/ 8" Screw Size, 0.406" 10, 0.75" OD 
Medium -Str enRth Steel Hex Nut , Grade S, Zinc-Plated, 3/ 8"-16 Thread Size 
VERTALOC POST-OP ELBOW BRACE· Right arm 
Other Expenses 
STANDARD MOTOR 10000 RPM 1.SVOC 
SparkFun Triple Axis Accelerome ter Breako ut - M MA8452Q (w ith Headers) 
50 rpm Fixed Rotary Dampe r w ith Both Directio ns Damp ing Directio n 
Steel Extension Sprina wit h lo op Ends, Zinc-Plated, Sprin g-Temp ered, 8" Long, 0.37S" OD 
Dewa lt Dril l Batt ery 













Retu rn ing a DC dr ive to Automati on Direct and a DC mot or to McMaste r - Shipping 





8020 Inc. 4 4 $ 6.09 $ 24.36 
8020 Inc. 8 8 $ 7.01 $ 56.08 
8020 Inc. 4 4 $ 7.24 $ 28.96 
8020 Inc. 4 4 $ 7.47 $ 29.88 
8020 Inc. 4 4 $ 9.31 $ 37.24 
8020 Inc. 2 2 $ 9.54 $ 19.08 
Surplus 1 1 $ 5.00 $ 5.00 
Subtotal : $ 200.60 
8020 Inc . 22 22 $ 6.30 $ 138.60 
8020Inc . 22 22 $ 5.80 $ 127 .60 
8020 Inc. 62 62 $ 0.95 $ 58.90 
8020 Inc . 22 22 $ 1.55 $ 34 .10 
8020 Inc. 8 8 $ 34.15 $ 273 .20 
8020Inc . 8 8 $ 9.55 $ 76 .40 
8020Inc . 4 4 $ 3.95 $ 15.80 
8020 Inc. 4 4 $ 0 .50 $ 2.00 
Subtotal: $ 726 .60 
Automation Direct 1 1 $ 127.00 $ 127.00 
Automation Direct 2 2 $ 186 .00 $ 372. 00 
Automation Direct 1 1 $ 279 .00 $ 279.00 
New Egg 2 2 $ 20.96 $ 41.92 
Siko 1 1 $ 626.3 0 $ 626.30 
Studlca 1 1 $ 199 .00 $ 199 .00 
Studica 1 1 $ 179.00 $ 179.00 
Home Depot 4 4 $ 1.26 $ 5.04 
Surplus 1 1 $ 2.00 $ 2.00 
Tradestar Corp . 1 1 $ 225.41 $ 225 .41 
Subtotal : $ 2,056 .67 
McMaster-carr 3 3 $ 38.04 $ 114.12 
McMast er-C-arr 1 1 $ 10.52 $ 10.52 
McMaster-Carr 1 1 $ 10.52 $ 10.52 
McMaster-Carr 1 1 $ 18.56 $ 18 .56 
McMaster-Carr 2 2 $ 15.28 $ 30 .56 
McMaster-Carr 1 1 $ 86 .96 $ 86.96 
McMaster-Carr 1 1 $ 21.50 $ 21.50 
McMaster-C-arr 1 1 $ S.14 $ 5.14 
McMaster-Carr 1 1 $ 35 .05 $ 35.05 
McMaster-C-arr 2 2 $ 102.95 $ 205 .90 
McMaster-C-arr 2 2 $ 11.25 $ 22.50 
AAP Automation 1 1 $ 320 .33 $ 320 .33 
V-belt Supoly 1 1 $ 3.00 $ 3.00 
V-belt Supply 1 1 $ 2.65 $ 2.65 
V-bett Supply 1 1 $ 2.83 $ 2.83 
V-bett Supply 1 1 $ 2 .36 $ 2.36 
Subtotal : $ 892.50 
McMaster-tarr 6 1 $ 6.38 $ 6.38 
McMaster-earr 6 1 $ 9.04 $ 9.04 
McMaster-earr 12 1 $ 4.77 $ 4.77 
McMaster-Carr 2 2 $ 2.10 $ 4 .20 
McMaster-earr 2 1 $ 3.67 $ 3.67 
McMaster-Carr 4 4 $ 5.85 $ 23 .40 
McMaster-Carr 4 1 s 10.11 $ 10 .11 
McM aster-Carr 8 1 s 3.37 $ 3.37 
McMaster-C-arr 4 1 $ 4.40 $ 4.40 
McMaster-Carr 2 1 $ 7.72 $ 7.72 
McMaster-carr 4 1 $ 8.00 $ 8.00 
McMaster-Carr 2 1 $ 7.84 $ 7.84 
Live Action Safety 1 1 $ 58 .77 $ 58.77 
Subtotal: $ 151 .67 
Olgl Key 1 1 $ 64 .25 $ 64.25 
Sparkfun 1 1 $ 10.49 $ 10.49 
Grainger 1 1 $ 9.70 $ 9.70 
McMaster-Carr 3 1 $ 8.29 $ 8.29 
Home Depot 1 1 $ 49 .97 $ 49 .97 
Walmart 1 1 $ 5.00 $ 5.00 
Subtotal : $ 147 .70 
McMaster-carr 1 $ 46.84 
8020 Inc. 1 $ 49.98 
AAP Automation 1 $ 11.44 
New Ea 1 $ 3.99 
Siko 1 $ 19 .99 
Studica 1 $ 12.53 
V-bett Supply 1 $ 22.27 
Digi Key 1 $ 3.21 
Sparkfun 1 $ 5.09 
Grainger 1 $ 10.48 
Live Act ion Safety 1 $ 14.97 
UPS 1 $ 48 .39 
Subtotal: $ 249 .18 
TOTAL EXPENSES, $ 4,424 .92 
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Appendix D 
Arm Speed Test Report 
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Arm Stabilizer 
Arm Speed Test Calculations 
This test was performed to approximate what size of motor would be required to act as a 
damper. The test involved making a large protract or on a white board and having two 
participants move their forearm as qui c kly as possible through a 90 degree angle , holding 
the elbow f i xed . 
The test was rec ord ed on video and played back in slow motion. Dur i ng the playba c k , 
position data points were determined as a function of time . These data points were then 
fit to a second o rder polynomial . The coef fi cients of the polynomial were taken to be the 
coefficients of the partic l e projectile equation of motion. These values helped to 
determine the speed and acceleration of the arm , which leads to the selection of a motor . 
Some calculations were done prev i ously using Ex cel . These ca lculations can be seen in 
the attached images at the end of this document . 
Kinematic Equation of Rotational Motion 
1 2 e := e + w - t + - -ex- t 
1 0 0 2 






-x + a i x 
Test 1 : a o==- 0 . 0334 a 
1
,= 5 . 87 55 
Test 2 : a 
O 
== - 0 . 0 3 4 8 a
1
:= 7.414 3 
Test 3 : a o==- 0 . 0509 a 
1
,= 6 . 7052 
a 
2
,= 63 . 056 
a 
2
,= 58 . 715 
a 
2
,= 54 . 004 
Finding the average acceleration coefficient term 
a == 6 3 . O 5 6+ 5 8 . 715 + 5 4 . 0 0 4 _ 5 8 5 91 7 2 3 - . 
Multiply by 2 to find acceleration 
Acceleration : ex:= a - 2 
2 




The maximum speed was c al cula ted by taking the differential speed between each data point 
of all tests , and selecting the maximum speed . 
Max Speed : w:= 2 6 . 18 
rad 
s ( 
60 l w -- w- --
rpm 2 - rr 1
w = 250.0006 
rpm 
The average mass of a human forearm was estimated t o be ab out 4. 5 lbm (as justified in the 
design document) and the average length estimated to be ab out 12 in . 
Mass : 
Length 
m:= 4 . 5 lbm 
m:= 2 . 04 kg 
L:= 12 in 
L:= 0 . 3048 m 
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By comparing the forearm to a rod pinned about its end, the moment about the elbow created 




I ==- -m-L 
rod 3 
M := I - ex 
arm rod 
M == 5.46 lbf-ft 
arm . E 
Multiplying the arm moment by the speed gives the power of the arm. 
P == M - w 
arm arm 
Convert to HP 
1 hp= 746 W 
193 . 8092 
p := ----
arm.hp 746 
Screenshots of Exce l Ca lculations 
Test 1- Nat e 
Time Time Angle Rad speed 
0 0 0 0 
0.2 0.025 7.5 0.1309 5.2360 
0 .32 0.040 15 0.2618 8.7266 
0.4 0.050 22.5 0.3927 13.0900 
0.47 0.059 30 0.5236 14.9600 
0.54 0.068 37.5 0.6545 14.9600 
0.6 0.075 45 0.7854 17.4533 
0.67 0.084 52.5 0.9163 14.9600 
0.72 0.090 60 1.0472 20.9440 
0 .79 0.09 '9 67.5 1.1781 14.9600 
0.85 0.106 75 1.3090 17.4533 
0.91 0.114 82.5 1.4399 17.4533 
0.97 0.121 90 1.5708 17.4533 
Test 4- Jake 
Time Time Angle Rad speed 
0 0 0 0 
0.23 0 .029 7.5 0.1309 4 .5530 
0.32 0.040 15 0.2618 11.6355 
0.4 0.050 22.5 0.3927 13.0900 
0.47 0.059 30 0.5236 14.9600 
0.53 0.066 37.5 0.6545 17.4533 
0.62 0.078 45 0.7854 11.6355 
0.67 0.084 52 .5 0.9163 20.9440 
0.72 0 .090 60 1.0472 20.9440 
0.8 0.100 67.5 1.1781 13.0900 
0.86 0.108 75 1.3090 17.4533 
0.92 0.115 82.5 1.4399 17.4533 
1 0.125 90 1.5708 13.0900 




l parm.hp = 0.2598 hp 
Tes t 3 - Nat e 
Time Ang le Rad 
0 0 0 0 
0.17 0 .021 7.5 0 .1309 
0.28 0.035 15 0 .2618 
0.36 0.045 22.5 0 .3927 
0.43 0.054 30 0 .5236 
0.5 0.063 37.5 0.6545 
0.57 0.071 45 0.7854 
0.61 0.076 52.5 0.9 163 
0.68 0.085 60 1.0472 
0.75 0.094 67.5 1.1781 
0.79 0.099 75 1.3090 
0.86 0.108 82.5 1.43 99 
0.93 0.116 90 1.5708 
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Graph of Positi on vs. Time of arm speed tests 
1.8 
• Test 1 y = 63.055Jf 5.8755x - 0.0334 
1.6 • est 3 y=58.715Jf+7.4143x -0 .0348 ~. .,.-...... 
.... .. ·.·.·.~ :::> 
1.4 
• Test 4 y= 54004x 1 +6.70 52x- 0.0509 
... •···· . (··· 
. .-···;_:/:.--., .... , ... , ... :::•· . ... •···-..,~~ ..•.. ;,.,,.-· 





.,:: 08 i . 
0.6 
. ........ Pott. ( est 1) 
···•····· Pot/. (Test 3) 
·• · Pott. ( est4 ) 
0.4 
.. ···•(~······ 
. .... ,:::, ···· 
, ... ··:.·:.~·-
0.2 1 .... •;:..-----
. .. •;~~. ~.·-if~ 
0 • _,_up~·~••'_ -- -
0 0.02 0.04 0.06 0.08 0.1 
Time (sec) 
0.1 , D4 
0.12 0.14 
Revision : 2 
ARM STABILIZER Effective Date : 4 May 2017 
Page El of E2 
Appendix E 
Programming Code 
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E.1 OPERATING AND DATA MANAGEMENT PROGRAM 
E.1.1 PROGRAM FLOWCHART 
An overview of the programming is displayed in Figure El. The program and data control is managed 
through LabView software . 
No 
Figure El. Program Flowchart 
Target Operat ions 
Test Speed : 
Move target to full 
extension position . 
Test Stability : 
Move target to given 
position. Hold target 
for 2 seconds . 
Test Tracking : 
Move target at low 
speed to random 





Data Operat ions 
Record time required 
to move arm brace 
from position O to full 
extens ion, and from 
full extension back to 
position o . 
Record distance of 
rm brace from target 
for 2 seconds . 
Record distance of 
rm brace from target 
for 1 minute. 
Yes 
ead response 
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Appendix F 
Drawing Package 
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3 ! 2 1 ----- ---
l Elec. Rot . Dampe r/QTY . PART NUMBER PART/ASSEMBL Y NAME SUPPLIER Damp ing/QTY . 
1 1 001 TEST CHAIR USU SURPLUS ! F 
1 1 A03 TEST RIG FRAME 
1 1 A07 DAMPER MOTOR 
1 1 112 SHAFT ""1=LDMENT 
1 1 A09 TARGET ASS EMBLY 
1 1 A10 TARG ET MOTOR 
2 2 92865A667 BOLT, 7116"-14X3/ 4" MCMASTER CARR I 
4 4 98180A140 WASHER . 7116" MCMASTER CARR 
2 2 95479A2 11 NUT, HEX, 7116" MCMASTER CARR 
1 1 913 ARM BRACE i 
2 2 9414T15 SHAFT COLLAR MCMASTER CARR ! E 
2 2 A11 BELT TENSIONER 
1 FYT-LA3 ROTARY DAMPER ACE 
1 924 SOCKET. M12. 112" SQUA RE DRIVE HOME DEPOT 
1 6609K 133 OVERLOAD COUPLER MCMASTER CARR 
1 A0B LARGE DAMPER PULLEY 
1 1 GP09 HOLLOW SHAFT POTENTIOMETE R SIKO 
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~ ENG INEERING .,..,a,~ Ut11hState Uni versity f-D_RA_ FT_ E_D_ B_Y_,_JA_ C_O_B_ER- ,-C-KS_O_N _ ___ _ _, 
PROJECT : 
ARM STABILIZER 
SPECIFICATIONS AND TOLERANCES PARTIASSEM NAME, TEST RIG FRAME CHECKED BY, NATHAN SOELBERG 
ORAWlt.a ,¼N~t8r1~X~~~~~~ v,, s.2009 f-P_A_R_TI_A_SS_E_M_N_u_M_B_E_R_, _A_o3 _ _ ____ --+_A_PP_R_o_v_E_o_e_v_, _ s_,,_~•_ Sm_ ,_., _ _ ___ ----! A 
MATERIAL: N/A DATE APPROVED : 4/22/2017 




12 4 0001 
C ' / " 
l 
33.000 
B J " / 
32.000 ~22 000~ 
i 
Al 
4 : 3 2 : 1 











1010 80/20 Inc. 80/20, 1010 T-SLOT FRAME 6061-T4 (SS) 
1010 80/20 Inc. 80/20 , 1010 T-S LOT FRAME 6061-T4 (SS) 
1010 80/20 Inc. 80/20 , 1010 T-SLOT FRAME 6061- T4 (SS) 
1010 80/20 Inc. 80/20 , 1010 T-S LOT FRAME 6061- T4 (SS) 
4151 80/20 Inc. 90 DEGREE ANGLED FLAT PLATE 
NOTE : ONE TRIPLET-SLIDER , ONE DOUBLET-SLIDER , AND 
FIVE 1/4-20 X 0.5" BOLTS PER EACH ITEM #5 












l ~ ENGINEERING 
l~ i'2a::,.,.. UtahStat'e Univ ersity ~D_RA_ F-TE_D_ Bv- ,- JA- c_o_B_E_R-,c-K-so_N _____ ..., 
SPECIFICATIONS AND TOLERANCES ! PARTIASSEM NAME: BASE RIG FRAME CHECKED BY: NATHAN SOELBERG 
UNLESS OTHERWISE NOTED 
DRAWING ARE CREATED JN ACCORDANCE TO ASME Y14 5.2009 
! PART/ASSEM NUMBER: A04 
r----------------;----------------i: A 
~R IAL: ALUM DATE APPROVED : 4/22/2017 
APPROVED BY: Silvia Smith 
















-- -- -- --2 4.000 -- - -- --, 
---
PART NUMBER PART/ASSEMBLY NAME SUPPLIER 
108 MOVING RIG FRAME 
4151 90 DEG ANGLED FLAT PLATE 80/20 Inc. 
4141 TEE FLAT PLATE 80/20 Inc. 
7208KS4 FLANGE BEARING MCMASTER CARR 
NOTE : ONE TRIPLET -SLIDER , ONE DOUBLET -SLIDER , 
AND FIVE 1 /4-20 X 0.5 BOLTS PER EACH ITEM 2 
TWO DOUBLET-SLIDER AND FOUR BOLTS PER EACH 
ITEM 3 
· ~ Mechanical & Ae rospace 
~ ENG INEERING 
PROJECT : 

















.,...a,~ Ut.ihStirte Unive rsity C"D_RA_ FT_E_D_B_Y_:_JA_ C_O_B_E_R_IC_K_SO_N ____ _ ,_, 
SPECIFICATIONS AND TOLERANCES PART/ASSEM NAME: MOVING RIG FRAME CHECKED BY: NATHAN SOELBERG 
ORAMNG~r~t~ !~~~~~ v1, 5-roog -t-1-P=A=R=T/=A=SS=E=M=N=U=M=B=E=R=: =A=06=============A=P=PR=OV=E=D=B=Y=: ==Sl='lv=i•=Sm==ith============~ A 
DEFAULT DIMENSIONAL TOLERANCES: MATERIAL : ALUM "~===f ,u(f::~::~•""' I-F-IN-1-SH_:_N_I_A ________ _ DATE APPROVED : 4/22/2017 
SHEET SCALE : 1:8 SHEET NUMBER: 1 of 1 
D 
C 










--- --- 2.500 
1.500 
1.000 
0. 257 TYP 
l>-~ ---- 20 .000 ---- -
0 1.000 
24.000 
---- ----"~ ~ -- - ~ 
ITEM NO. OTY. PART NUMBER VENDOR NAME DESCRIPTION MATERIAL THICKNESS LENGTH 
1 2 1010 80/20 Inc. 1010 T-SLOT FRAME , CUT TO LENGTH 6061-T4 (SS) 24 
2 6 1010 80/20 Inc. 1010 T-SLOT FRAME . CUT TO LENGTH 6061-T4 (SS) 22 
3 4 1010 80120 Inc. 1010 T-SLOT FRAME . CUT TO LENGTH 6061-T4 (SS) 18 
4 4 1010 80/20 Inc. 1010 T-SLOT FRAME , CUT TO LENGTH 6061-T4 (SS) 23 
5 2 TRADESTAR PLATE , ALUM, 1/8" 6061-T4 (SS) 0.1 9.6 
6 1 TRADE STAR PLATE, ALUM. 1/8" 6061-T4 (SS) 0.1 8 .6 
NOTE: ITEM 6 CHANGES FOR EACH CONFIGURAT ION 
-- --2 .500 





. ~-. · ~ M eehan ical & Aero space '. PROJECT : 
f.1lm ENGINEERING: ARM STABILIZER 















~ $- P_ E_ C- IF-IC_ A_ T_ I_O_N_S_ A_N_D_ T_O_ L_ E_ RA __ N_C_E_S-+,- PA.::cR_T/ASSEM NAME : MOVING RIG FRAME ' CHECKED BY: NATHAN SOELBERG 






~ PARTIASSEM NUMBER: A06___ --•~ APPROVED BY: Silvia Smith ~ 
E L·. 60~~-~•- l~~I _____ -=.-=.-=--=--=-~,-- A DEFAULT DIMENSIONAL TOLERANCES: , DATE APPROVED: 4122/2017 







ELECTRIC MOTOR DAMPER 
- ------------ 9 ,543 ------- - --- ~ -1 
- ------ - ---- 9,143 -------- - -- -
- - - - - ------ 8.143 ------ -- - --1 
i-- --- - ---- 7.232 -- ------ -l 
-- --- --4 .821 ---- --< 
1.50
2t 1 =-1 
50 I 2X !JJ .438 














0 1 o: 
~i -0-











Ct:l . , 
01 

















i-- ---------- 8.643 - - -- - ---- ~ -i 
i-- -- -- ------ 8.143 -- - -- -- -- --< 
-- -- - ----- 7_143 ---- - -- --
i-- --- -- -- 6.732 ---- --- --

















ITEM 6 FLAT PATTERN 
~! 









· -~ M echanical & A erosp ace PROJECT : 
I E 
D 
4X (J) .257 
I ;c 
B 
I ~ ENGINEERING ARM STABILIZER .,...a--~ UtahState Univ er sit y ;-D_RA_ FT_ E_D_ B_Y_c_JA_ C_O_B_E_RI-C-KS_O_N-------1 
SPECIFICATIONS AND TOLERANCES 
UNLESS OTHERWISE NOTED 
PARTIASSEM NAME: MOVING RIG FRAME CHECKED BY: NATHAN SOELBERG 
PART/ASSEM NUMBER: A06 APPROVED BY: Silvia Smith ~WING ARE CREA TEO IN ACCORDANCE TO ASME v1, S.2009 r----------------+-----------------l A 
MATERIAL: 6061-T4 (SS) DATE APPROVED: 4/22/2017 


















4 3 2 1 
ITEM NO. QTY. PART NUMBER VENDOR NAME DESCRIPTION MATERIAL THICKNESS LENGTH WIDTH 7 
1 2 1010 80/20 Inc. 1010 T-SLOT FRAME , CUT TO LENGTH 6061-T4 (SS) 24 
2 6 1010 80/20 Inc. 1010 T-SLOT FRAME, CUT TO LENGTH 6061-T4 (SS) 22 
3 4 1010 80/20 Inc. 1010 T-SLOT FRAME , CUT TO LENGTH 6061-T4 (SS) 18 
4 4 1010 80/20 tnc. 1010 T-SLOT FRAME , CUT TO LENGTH 6061-T4 (SS) 23 
5 2 TRADESTAR PLATE , ALUM , 1/8" 6061-T4 (SS) 0.1 9.6 5 
6 1 TRADE STAR PLATE , ALUM, 1/8" 6061-T4 (SS) 0 .1 13.1 5 





I ~ M echa n ical & Aero space ' PROJECT : r' 
I ~ ENGINEERING ARMSTABILIZER I 
.-----------------''- ~~ 7,W 'th-1~ UtahState University , DRAFTED av, JACO_B_E_R1-c -<s_o_N ___ -----1 
SPEC IFI CATIONS AND TOLERANCES 
UNLESS OTHERWISE NOTED 
DffAW!NOARECREATEO IN ~DANCE TO "5ME YI• 5-2009 l-PART/ASSE~ _NAME: MOVING RIG FRAME CHECKED BY
: NATHAN SOELBERG 
PARTIASSEMNUMBER : A06 . APPROVED BY: Silvia--Sm- llh-- - -----11 
----------i A 
1 
e~EbA}\~MENStONAL TOLERANCES : ~RI AL: 6061-T4(SS) ______ 1 DATEAPPR_o_v_e_o , __ •12_ 2120 __ ,_1 _____ -a 








- ---------------- 13.143 ---------------- - -, 
.610 
- --------------- 12.643 --------------- -l 
- -------------- 11.643 -------------- ---i 
i-- ----------8. 982- ------------ -' 
-- ------- 6.57 1 ------- -l 
-- ---- 4 .16 1 ---- -' 
1.500 
50 






0. 250 THR 





<OI o , 
et:: ., 
0 1 a., 















4X 0. 257 
-~ Mechanical & Aerospace PROJECT : 
' ~ ENGINEERING ARMSTABILIZER 
~~ UtahStilte Un iv ersity e-ORA_ FT_ ED- BY_:_ JA_ C_O_B_E_R_ICKSON 
i 
SPECIFICATIONS AND TOLERANCES I PARTIASSEM NAME: MOVING RIG FRAME CHECKED BY: NATHAN SOELBERG --· 
D 
C 
DEFAULT DIMENSIONAL TOLERANCES : MATERIAL : 6061-T4 (SS) DATE APPROVED : 4/'Z2J'2017 I A 
A I ORAWIJ«;,~~~t~i?X ~ v,,s.2(m ~P_A_R_T_1A_ss_ E_M_ Nu_M_B_E_R_: _A_06~~~~~~~~~~~~~~ ~A~P~ ~R-o_-v_E~o~ a~v~:~~- s;- ·-1_~-._-_Sm~-,_.,~~~~~~--____,' 
LINE,i,_•:~t~.:i:~t9J=lx 1~~~~: 
005 ! FINISH: N/A SHEET SCALE: 1:8 SHEET NUMBER : 4~ -------------,------------------,--------------~------------~--~--~====~ --='c"'==---------'---------------------'--------...L----------1 
3 
- - ------- ------~ 
ITEM NO. QTY . PART NUMBER VENDOR NAME DESCRIPTION MATERIAL THICKNESS LENGTH W DTH 
TRADESTAR PLATE . ALUM, 1/8" 606 1 ALUM 0.1 22.5 18.6 














A, M echanical & Aeros pace PROJECT : 
~ ENG INEERING ARMSTABILI ZER 
[,,d-- r;';'.~ UtahStare Unive rsity ,--: □RA-FT_E_O_B_Y ,-JA-C_O_B_ER-IC_K_SO_N ___ ----i 
A 
. SPE~ ~ic.::!'1:10.!'./~ ~Q TOLERANCES i PART/ASSEM NAME BASE PLATE_ 
l PART/ASSEM NUMBER: 901 APPROVED BY: Silvia Smith ----i 
r.--------------~----------------i,: A 
! MATERIAL: 606 1 ALUM DATE APPROVED: 4/22/2017 
j CHECKED BY: NATHAN SOELBERG 
UNLESS OTHERWISE NOTED 
DRAWING AAE CREA TEO IN IICCOROIINCE TO 11.SME Y14 5.2009 
' FINISH: NIA SHEET SCALE: 1:4 SHEET NUMBER: '"'' 
••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••••••••••••••••••• 
------- r--'---,--------'--,-----''------~---'------ -=---------' ~----__c_---
PART NUMBER PART/AS SEMB LY NAME SUPP LIER 
r--:--+- ---- r- -- -3_0_1 ___ t- D_A_M_P_IN_G.:._M...:O:.._T...:O __ R_ _ ________ + _...: A:..UT...:O...:M...:A...:T:.::IO...:N_:D ___ IR--'E C_T_--j F 
902 MOTOR MOUNT 















ARM ST ABIUZER 
· -~ Mec han ical & Ae rospace 
~ ENG INEERING 
1.,-d--~ Ut;,hState Uni ve rs it y c_D_RA_ FT_E_O_B_Y_, - JA- CO- B- ER- 1-CK_S_O_N ____ ------i 
SPECIFICATIONS AND TOLERANCES I PARTIASSEM NAME, DAMPER MOTOR CHECKED BY, NATHAN SOELBERG 
A oRAwiNG ~~~~~~!~fc~~~~~~TI=~ v,4 S-2009 1-P_A_R_TI_A_SS_ E_M_ N_ U_M_B_E_R_· _• _01 ______ ____c_A_P_PR_o_v_E_o_a_v_, _ s_,,_via_ s_m_ l_lh _____ --1 A 
DEFAULT DIMENSIONAL TOLERANCES : MATERIAL: N/A 
LIN~l:1:~~~Wi~~wx~~~!OOS FINISH : NIA 
DATE APPROVED : 4/22/2017 ~--------, 









2X (/) .201 THRU ALL 
1/4-20 UNC THRU ALL 








4 3 - ------ ---· 
ITEM NO. QTY . PART NUMBER VENDOR NAME 
TRADESTAR 
DESCRIPTION MATERIAL 
PLATE , ALUM , 118" 6061 ALUM 
3.250 
2.286 
~- ~--~-- -1 13.446 , UP 90" R .06 -1:: 
ITEM 1 FLAT PATTERN 
--- ___ ..J_ 
THICKNESS LENGTH 
0.1 3.4 
I • Mechanic~IN&ti~~~s~~~ ~-:~~~~:B~L~~R 












SPECI FICAT~Qi':1S AND TOLERANCES ___ ! P~T /ASS~ _NAM~~OTOR _~ UNT CHEC KED BY, NAT_HA_ N_ SOELB EFS_G 
OAAw1NGJr1~~fe~!~fc~~Zi~/~~~~v1,~ 2009 1 ,-P_A_R_Ti_A_SS_ E_M_ N_ U_M_B_E_R_, _9_02 ______ --e_ A_P_PR_O_V_E_D_B_Y_, _ S_il_~a_ Sm_ i_th _____ _ 
DATE APPROVED , 4/22/20 17 ! A , MATERIAL: 6061 ALUM 





















,_ ______ 12.000--- --- --
1.250 
t 
FLAT PATTERN ITEM 1 
ITEM NO. QTY . PART NUMBER PARTIASSEMBL Y NAME SUPPLIER 
1-----,---t-----t--- -1_09 ___ --t_ B:_R __ A---C:...K.cE:...T:_, :_BR_AC:cE:c__M..:O..:U.ccN---T'--, 1---18'-"---M---S:_Pc_LA::.ccT..:E----+ - -----TR---A..:D:.::Ec::S.:.:TA.::.R _ __ , F 





· ~ Mechanical & Aero space 
~ ENGINEERING .,..,a,-~ UtahSt.rte Univ ersity C--DRA_ FT_ ED_ BY- ,- JA_C_O_B_E_R_IC-K-SO- N----- --1 
PROJECT : 
ARM STABILIZER 
SPECIFICATIONS AND TOLERAN CES , PART/ASSEM NAME, SHAFT WELDMENT ! CHECKED BY: NATHAN SOELBERG 
UN LESS OTH ERWI SE NOTED 
~WING AAE CREA TEO IN ACC0ROANCE TO ASME YI• ~2009 




I FINISH: NIA 
DATE APPROVED : 
SHEET SCALE : 1 :4 
4/22/20 17 

















SCALE 1 : 1 
WELD TARGET 
TO PULLEY 
2X (/) .201 w 1.295 
1/4-20 UNG w .500 
i-- ------------ 21.oa ------------ -
0 0 0 0 0 
---·--·- - - ·····'·-







DETAIL ITEM 3 
-- -- -- -- - ·---------
PART NUMBER PART/ASSEMBLY NAME 
601 PULLEY PIPE 
6384K367 FLANGE BEARING 
6209K201 TARGET PULLEY 
92313A534 SET SCREW . CUP POINT, 1/4"-20 X 5/16" 
603 TARGET , POIN TER 
604 TARGET , ANGLE IRON 
MACHINE DOWN TO FIT OVER PIPE 
0 1.900 
1 ,A_ M echanical & Aerospace : PROJECT: 




MCMAS TER CAR R 












I , ... 
i 
l.,.di,~ UtahState University e--o RA_ F_TE_D_ B_Y_: - JA- CO- B- ER- ,-c -Ks_o_N ____ ___, 
rl _S_P_E_C- IF-IC_A_T_I_O_N_S_ A_N_D_T_O_L_E_RA_ N ___ C_E_S __ _;,::_j PART/ASSEM NAME : T.ARGET ASSEMBLY 
UNLESS OTHERWISE NOTED 1 PARTIASSEM NUMBER A09 




·1 DRA~:;:EL~~~:;:~~~;:~~:;:~~1~=~ !MATERIAL: NIA . --·---·· ...............  APPROVED BY: Silvia Smit h ------;-- D- A_T_E_A-PP_R_O_V_E_D_: _ 4_/2_212_0_1_7 _____ _,; A 













ITEM NO. QTY. PART NUMBER VENDOR NAME 
TRADESTAR 
f-- --------3 .750 ----- --~-l 
- - - - r- - - - - -- - - - -- - - - -- - -- - - - - - - - -- - -- -- - -- -r- -- --



















- -- - ....L- - ---- - - - -- - - - -- - -- -- -- - -- -- -- - -- - - - - .J._ 
DESCRIPTION 
PIPE. SCH 40. 1.5" 
TURN DOWN TO 
PRESS FIT BEARINGS 
MATERIAL THICKNESS LENGTH 










__ _ ____________________________ _, · ,A Mechanical & Aerospace : PROJECT : 
~ ENG INEERING : ARM STABILIZER 
,,d-'t,:;"~ UtahState Unrvers1ty , DRAFT··-E□-B-Y-, _JA_ C_ OB_ E_R_IC_ K_SC_ N ____ _ 
SPECIFICATIONS AND TOLERANCES PARTIASSEM NAME, PULLEY PIPE ; CHECKED BY, NATHAN SOELBERG 
DRAWING~~~~~~!~~~~~ v,~ ~2009 PART/ASSEM NUMBER_, _60_ 1 ______ ~j_ A_P_P_RO_ V_E_D_B_Y_, _ s;_·1_~_a _Sm_ l_lh _____ ____. A 
MATERIAL : 6061 ALUM DATE APPROVED : 4/2212017 















1.000 ;,,.-- - e- -- e- -- e- - - e 
I \__ 
5X (/) .250 THRU ALL 









ITEM NO. QTY. PART NUMBER OESCRIPTION MATERIAL THICKNESS LENGTH 'MOTH 




i A Mecha nical & Aerosp ace : PROJECT: 
'1 ~ ENGINEERING ARMSTABILIZER 
1--d--~ UtiihStale Univ ersity -~D_RA_ F_TE_D_ B_Y_:_JA_ C_O_B_E_RI-C-KS_O_N _____ -J 
1 
__ SPECIFICATl0NS AND T0 LERANCE5_J PARTIASSEM NAME:_ TARGET: POINT_E_R ___ ..__C_HE_CKED BY: NATHAN SOELBERG 
\ ORAWINGA~~CLR~~~i8!~2 c~~!>iieN8~~ VI• S-2009 : PART /ASS EM NUMBER: 603 APPROVED BY: Silvia Sm_llh ____ _ 
MATERIAL : 6061 ALUM DATE APPROVED : 4/22120 17 









-- ------------ 10.000 ------ -- -- - - --
-- ----------- e .000 ---------- - -' 
i-- -------1.000------- ~ 
3.000 
---EB---EB---EB 
4X (/) .250 THRU ALL 
4 
ITEM NO. QTY. DESCRIPTION THICKNESS LENGTH 








~ Mechanical & Aerospace PROJECT: 
I
I ~ ENG INEERING ARMSTABILIZER 
!~~ UtahState University ~, 0- RA- F-TE_D_ BY_:_ JA_ C_O_B_E_R_IC_K_SO_ N ____ _ 
SPECIFICATIONS AN D T O LERANCE S PARTIASSEM NAME: TARGET, ANGLE IRON \ CHECKED BY: NATHAN SOELBERG -~: 
ORAWING~N~~t?i!~~~ v,, s.2009 f-P_A_R_TI_A_SS_E_M_ NU_ M_B_E_R_: _s_o, ______ ___:_A_P_PR_0_V_E_D_B_Y_: _ s_i1v,_·•_Sm_ ,., ______ _, 
DEFAULT DIMENSIONAL TOLERANCES: i MATERIAL: Plain Garbon Slee! DATE APPROVED: 4/22/2017 . 
I
' A 







--- j_ __ 
PART NUMBE R PART/ASSEMB LY NAME SUPPLIER 
1-- --+ -- -- -+- -----" 64-"7..:0.:_K.:_75: _-+_T:.:A :.:R.:_G:.:E:.:T.:M:.:.0=.T.:_0:.:R_:.:._ _________ l----_ __:M..:C:::M.:_A:.:.ST:.:E::_R:_:C::_A:_:R::_:R_-----il F 
6245K32 PULLEY , TARGET MOTOR MCMASTER CARR 








] ~ - ENG INEERING ' ARM STABILIZER 
'~~ UtahState Univ ersity ; DRAFTED BY:_ JA_C_O_B_E_R_IC_K_SO_ N _____ -" 
SPECIFICATIONS AND TOLERANCES PARTIASSEM NAME: TARGET MOTOR : CHECKED BY: NATHAN SOELBERG 
UNLESS OTHERWISE NOTED 
ORAWlNG ARE CREA TEO IN ACCORDANCE TO ASME v1• 5-2009 
i PART/ASSEM NUMBER : A 10 
,- - --------------'----------------~ A 1 
MATERIAL_: _N_IA _________ _ 
APPROVED BY: Silvia Smith 
DATE APPROVED : 4/22/20 17 
-----
FINISH : NIA ! SHEET SCALE: 1:2 SHEET NUMBER: t of 1 
••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••••••••••••••••••• 
-- - - '-- -- ··-- ·- ----- -'-....-- 7 ITEM NO. QTY. PART NUMBER PART/ASSEMBL Y NAME SUPPLIER 
1 2 47065T239 BRACKET . T-SLOT , 90 DEG MCMASTER CAR R 
2 1 60225K 11 V-BEL T TENSIONER MC MASTE R CARR I 
3 1 6234K43 V-BEL T PULLE Y MC MASTER CARR 
4 1 95462A031 NUT, 3/8"-16 MCMASTE R CARR 
/ _, 0 5 2 90 107A 127 WAS HER. 3/8" MCM ASTER CAR R I 6 1 92865A63 2 BOLT, 318"-16 X 2" MCM ASTE R CARR I 
7 2 91247A544 BOLT, 1/4"-20 X 1 1/4" MCMASTE R CARR I 
8 4 92141A029 WASHER , 1/4" MCMASTE R CARR I 
9 2 95462A02 9 NUT. 1/4"-20 MCMAS TER CARR I 
I 











I I B 
--
P R OJE C T : ~ Mechanical & Aero space 
' ~ ENGINEERING ARMSTABILIZER 1--&~ UtahStilte Uni vers ity " o_RA_ FT_ EO_ BY- ,- J-A_C_O_B_E_R_IC_K_SO_N _ _ ___ -" 
S PE C IF ICAT IO N S A ND TOLE RA NC ES PART/ASSEM NAME• BELTTENSIONER CHECKED av , NATHAN SOELBERG 
-----i 
"P_A_R_r _~_ss_ E_M_ Nu_M_B_E_R_, _A_1_1 ______ ~ A_P_PR_o_v_E_o_a_v_, _ &_1_~_. _~ _ ,_~-------il A 
UNLESS OTH ERWIS E NOTE D 
DRAWING ARE CREAT(O IN ACCORD~ TO "5M£ v 1, 5-2009 
MATERIAL: NIA DATE APPROVED: 4/22/20 17 
FINISH: NIA i SHEET SCALE: 2:3 SH:ET NUMBER: "'" 
4 3 2 1 - - - -- -- - - -- -· 
ITEM NO. Elec. PART NUMBER PART/ASSEMBLY NAME SUPPLIER Damp ing/QTY . 
1 1 1886K43 ROTAR Y SHAFT. 3/4" D MCMASTER CARR 








·- A - Mechanical & A ero spar,e ;' PROJECT : 
i ~ ENGINEERING ARMSTABILIZER 
~------------- ~72 ~ Ut c1hSt ate Univ ers ity , DRAFTED BY,JACOB ERICKSON 
- --l 
S PE C IFI CATI O N S AND TO LERA NC ES PARTIASSEM NAME, LARGE DAMPER PULLEY CHECKED BY, NATHAN S0ELBERG 
i 
A 
UNLESS OT HERWISE NOTE D 
OR,t!,WING AA£ CREA TEO IN ACCOROANCE TOASME Vt t 5-2009 
DE FAULT DI MEN SIONAL TOLERANC ES : 
L1NE~~i~~~j
1
~ .~XX~ ! ~ 
-~----- - ------~-------- - --~~-----= 
PART/ASSEM NUMBER: A08 AP PROVED BY: Silvia Smi th 
-------------- A 
~ TE RIAL: NIA __ _.. DATE APPROV ED : 4122/2017 









ITEM NO. QTY . PART NUMBER VENDOR NAME 
113 TRADESTAR 
f- ---------- 4.750 ---------- ~ 
- -------- ---4 _375--- ------- --' 




~--+- -ED ------ --- EB-
1 
DESCRIPT ION 
PLATE , 118" ALU M 
5X (/) .250 THRU 
ITEM 1 FLAT PATTERN 
MATERIAL THICKNESS LENGTH 
6061-T6 (SS) 0.1 4.8 







: ~ ENG INEERIN G ARMSTABILIZER 
l,d--~~ UtahState University ~i o_RA_FT_E_□-av_,_JA_c_o_a_E_R1-c-Ks_o_N ___ __ _. 
SPECIFICATIONS AND TOLERANCES PART/ASSE M NAME , POTENTIOMETER MOUNT CHECKED av , NATHAN SOELBERG 
UNLESS OTHERWIS E NOTED 
DRAWING ARE CAEATEOINACCOAOANCE TO .-.SME V1' S.2009 
PART/ASSEM NUMBER: 113 
i MATERIAL: 6061-TS(SS) 
APPROVED BY: Silvia Smith 
DATE APPROVED: 4/22J2017 
A 
FINISH: . SHEET SCALE 1: 1 SI-EET Nl.JMBER: 1 ol 1 
Revision: 1 
ARM STABILIZER Effective Date : 4 May 2017 
Page Gl of GlO 
Appendix G 
Provisional Testing Report 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
Revision: 1 
ARM STABILIZER Effective Date : 4 May 2017 
Page G2 of GlO 
G.l. PURPOSE 
This testing procedure was performed in order to prove that the testing apparatus is functional and that 
the design requirements were met . The testing procedure is designed to explicitly address Requirements 
1.2.1 and 1.2.2, and implicitly address all other requirements and goals listed in Sections 1.2 and 1.3. It is 
recommended that these tests be performed each time the testing apparatus is assembled anew or 
prepared for a series of human subject tests. Performing these tests helps to ensure proper functionality 
of the testing apparatus. Additionally , by following this testing procedure, the feasibility of future tests 
and development can be determined . 
G.2. SCOPE 
These tests evaluate the functionality of the testing apparatus , including target movement , target 
position measurement, motor damper position measurement, and motor damper response. This testing 
procedure is simply to prove functionality of the testing program and the interfacing components used 
in human testing . 
G.3. PRECAUTIONS AND LIMITATIONS 
The testing apparatus has been designed to be safely used by human subjects. All provisional testing can 
be performed with the arm fully in the arm brace if desired . The test for human subjects is low-risk , 
therefore all provisional testing that is performed in the same manner that a subject would use the 
apparatus is safe . 
While efforts have been made to reduce bugs in the testing programs, care should be taken to not force 
the system out of the stable region of typical use. Examples include raising the gain of the output 
voltage to a large value (greater than 3 for the current program), reducing the response threshold to 
near zero, or applying large impulses to the arm brace. These cause the output voltage to jump out of 
range of the myDAQ, which stops the program without stopping the motor. Another limitation in the 
program is the relatively slow speed at which the program can run . This slow speed causes a noisy 
derivative process and can affect the data collection . 
G.4. PREREQUISITES 
Prior to testing , the testing apparatus should be assembled as modeled in the drawing package 
(Appendix F). The apparatus should be checked to ensure that all bolts on the frame and motors are 
tightened appropriately and that the V-belts are tight . This is to ensure proper functioning of the 
apparatus. The height ofthe apparatus should be adjusted so that the axis of the arm brace shaft is 
aligned with the elbow of the test subject . 
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Programming setup involves plugging in the electrical component panel to a standard wall socket (110 V 
AC) and connecting the myDAQ (via USB) to a computer where the LabView programs will be run . The 
two programs are the Target Control program and the Motor Damping Control program. The programs 
are stored on a USB drive that is included with the testing apparatus . Each program allows the user to 
adjust the voltage gain and apply a voltage offset as needed to obtain the desired range of operat ion . 
Before executing either program , the potentiometer output voltage must be measured so that the 
program can be calibrated to correctly calculate and output the position . The calibration should be 
checked per iodically . 
G.5. GENERAL INSTRUCTIONS 
The following tests are performed to verify the functionality of the target control and motor damping 
systems independently. The steps to perform these tests are given in order of execution. While the 
programs provided are functional , some problems should be worked through in order to achieve more 
reliable data . These problems are listed in Section 7.1. The steps given below contain the essentia l 
elements to recreate the result s herein , but should be elaborated upon as the programs are debugged in 
future tests . If errors or other problems occur during testing at any point , press the large "Stop" button 
to stop the motor and end the test . 
G.5.1. TARGET CONTROL 
• Open the "Target Control " LabView program . 
• Open the block diagram of the program and ensure the file containing the input position 
waveform is correct. This waveform should be created previously to describe the desired 
motion of the target . An example of the waveform is found in Figure 2. The waveform can be 
created using National Instrument 's "Arbitrary Waveform Generator " application. 
• Ensure the target is in the proper starting position (based on the input waveform and 
potentiometer). 
• Return to the front panel of the Lab View program . 
• Apply the desired output voltage gain and offset by editing the respective input field. These 
values can be adjusted during the test as needed. The appropriate gain and offset can be 
determ ined through trial -and-error. 
o The slider is only a visual indicator of the gain and will not adjust the gain value . 
• Click on the " Run" button. 
• The target should follow the path specified by the input waveform. The actual position of the 
target should be read into the program through the potentiometer attached to the target 
motor , and displayed in a graph on the front panel. 
• When the target has completed the desired path , click the large "Stop" button to stop the motor 
and end the program. 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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G.5.2. MOTOR DAMPING CONTROL 
• Open the "Motor Damping Control" LabView program . 
• On the front panel, apply the desired output voltage gain and offset by editing the input fields . 
These values can be adjusted during the test as needed. The appropriate gain and offset can be 
determined through trial-and-error . 
o The slider is only a visual indicator of the gain . 
o The gain may need to be at zero when the program starts and then changed to the 
desired amount after the program is running . 
• The front panel also contains a field to input the velocity threshold value . This value controls 
how fast the shaft must be turning before the motor turns on. 
• Click the "Write to Spreadsheet" radio buttons to save the position and/or output voltage data 
to a spreadsheet . The spreadsheet will be created after the program has finished executing . 
• Click on the " Run" button . 
• The program should read in the rotation of the arm brace and display it on the front panel. 
• Have the test subject follow the specified test pattern . 
• The program should display the derivative (velocity) of the rotat ion of the arm brace. 
• The program should also display a graph showing the output voltage to the motor . 
• When the test sequence has finished, click the large "Stop" button to stop the motor and end 
the program . 
G.6. ACCEPTANCE 
The success of the tests outlined above is determined by the ability of the programs and apparatus to 
fulfill Requirements 1.2.1 and 1.2.2. This is evidenced by the data collected during testing . Requirement 
1.2.1 is considered fulfilled if there is no noticeable difference in motion going forward or backward . 
Requirement 1.2.2 is considered fulfilled if data can be provided to continuously measure the position of 
the target and the arm . This is primarily evidenced by uninterrupted data sampling throughout the test, 
as the test program moves through the full range of motion described in the requirement . 
The success of the testing apparatus as functioning test equipment will allow for further testing to be 
performed . This testing may include the prototypes prepared in this study as well as other prototypes 
developed to adapt to the arm brace and testing apparatus . The success of prototype testing supports 
the continuation of developing an Arm Stabilizer. Failure of these tests may suggest that this concept is 
not a good path to develop an arm stabilizing device . 
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G.7. TESTING OUTCOMES 
G.7.1 TARGET CONTROL TEST 
The target control test was run multiple times without the potentiometer connected . In these tests, the 
target would run beyond the desired limits of the test . This is mostly caused by a slow processing speed 
in LabView. The input waveform was planned to be run at a loop speed of 10 milliseconds. However, 
the average loop speed was found to be around 65 milliseconds . The longer loop time leads to a longer 
time that the voltage is output to the motor drive, which drives the motor beyond the desired limits. By 
reducing the gain, the target would not move as far, but would still not behave as desired . These tests 
were able to show that the target can be driven in both directions (Requirement 1.2.1), and that a 
waveform path can be input for the target to follow along the full range of motion (Requirement 1.2.2). 
The potentiometer was then connected and calibrated. This allowed the program to collect the rotation 
of the target motor shaft . This was accurate until the target collided with the frame, causing the V-belt 
to slip as the motor continued to turn. The program was stopped and the potentiometer was removed 
to prevent damage to the potentiometer. A screenshot of the position graphed as a function of time is 
shown in Figure Gl. As seen, slip began at 3 seconds. This test showed that the absolute position of the 
target can be read correctly into the program as long as the pulley doesn't slip (Requirement 1.2.2). 
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Figure Gl. Screenshot of Target Control program showing the target position data. The y-axis is 
incorrectly labeled, and actually represents the Angle from Horizontal (deg) . 
G.7.2 MOTOR DAMPING CONTROL TEST 
The Motor Damping Control test was initially run using a threshold value of 3.5 V. The data from the 
test was written to a spreadsheet, where new graphs were created. A graph showing the rotation of the 
arm brace as a function of time is shown in Figure G2. As shown in the figure , the motor damping 
system can work in both directions along the full range of motion and can be measured and recorded 
(Requirements 1.2.1 and 1.2.2). The higher threshold allowed the arm to move throughout most of the 
test without any damping from the motor. During faster motion at the end of the test, the motor 
turned on and off repeatedly in an attempt to slow the arm. The sporadic response of the motor is 
caused by the derivative of the input voltage being very noisy. This is shown in Figure G3, where the 
derivative is plotted against time , with the output voltage and threshold overlaid . This test shows that 
the damping motor will respond to different rotation velocities to slow the velocity . It also shows that 
the noise inherent in the derivative causes the motor to turn on and off before it has a chance to 
respond to the applied voltage . 
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Figure G3. Data from high threshold test showing derivative of position and output voltage in time, with 
the threshold values in dashed lines. 
A second test was run using a lower threshold value. This was done to observe the response of the 
motor if the derivative was consistently above the response threshold. A graph showing the rotation of 
the arm brace is shown in Figure G4. A graph showing the derivative of the position in time, with the 
• • ·• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • ·• • • • • 1: 
• • • • • • • • • • • • • • • • • • • • • • • • 
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output voltage and the threshold overlaid is given in Figure GS. The results of this test show that when 
the derivative is consistently above the threshold, the output voltage is applied long enough to have an 
effect on the test subject. This leads to the conclusion that if noise could be reduced from the system, 
the resultant output voltage would be more consistent and would lead to a more stable resistance to 
fast arm motion. Additionally, if the speed of the program could be improved, the resolution and noise 
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Figure GS. Graph from low threshold test showing derivative of rotation in time with threshold and 
output voltage overlaid . 
In both motor damping tests , the motor response was very jerky . This is partly due to the noise in the 
system , but also partly due to the control programming. If the test subject's arm moves faster , the 
motor turns on to stop the fast motion of the arm. The fast motion is quickly brought to an acceptable 
speed, upon which the motor suddenly turns off . As the motor turns off, the arm speeds back up to an 
unacceptable speed and the motor turns on again . This leads to the jerky motion of the arm. These 
tests were only performed on able-bodied subjects . As such, it is possible the quick on-and-off response 
could be desirable for a test -subject w ith CP. Further development and test ing may be necessary to 
determine this. 
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G.8. ENGINEERING TEAM CERTIFICATION 
This confirms that testing is complete , that test ing results are appropriately documented herein , and 
that the testing was executed according to this procedure, inclusive of any variations or additions 
documented via red-line changes . 
Test Engineer: Nathan Soelberg 2 May 2017 
Printed Name Signature Date 
Chief Engineer: Silvia Smith 2 May 2017 
Printed Name Signature Date 
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Protocol # 
IRB Approval Date : 
Consent Document Expires : 
IRB Password Protected per IRB X 
Arm Stabilizing Technology 
Purpose 
v.10 9.1 .2016 
Informed Consent 
You are invited to participate in a research study conducted by Jackson Graham, a Professional Practice Professor 
in the Mechanical Engineering Department at Utah State University. The purpose of this research is to determine 
which (if any) technologies are effective in improving the gross motor control of limbs affected by cerebral palsy. 
This form includes detailed information on the research to help you decide whether to participate in this research 
project. Please read it carefully and ask any questions you have before you agree to participate. 
Procedures 
Your participation will involve a test on arm motion. You will be asked to sit in a chair that has an arm brace attached 
to it. Your right arm will be placed in the arm brace so that only your elbow and forearm are free to move. Your 
shoulder will be gently restrained from movement. You will be asked to perform a series of tests by moving your 
forearm back and forth . The tests will involve following the movement of a target. Each test will take one minute . 
A rest period of at least one minute will be given between each test. You will be asked to perform each test multiple 
times, for a maximum of 16 tests. Your total participation in this research study is expected to be 1 hour. We 
anticipate that 5 people will participate in this research study . 
You will also be asked to describe the specific type of cerebral palsy you have. Providing this information is 
voluntary, and not required . 
Risks 
This is a minimal risk research study . That means that the risks of participating are no more likely or serious than 
those you encounter in everyday activities. The foreseeable risks or discomforts include possible fatigue from 
repeated movement and mild discomfort due to having the arm in a brace. In order to minimize those risks and 
discomforts, the researchers will actively communicate with you to know if you need a break from physical activity, 
or if the arm brace has become uncomfortable and needs to be adjusted. You will be able to rest between test trials, 
and at any time that you feel is necessary. Researchers will also be nearby to aid you in the event that anything 
should happen, and will watch you closely to ensure that you are okay throughout the testing process. If you have 
a bad research-related experience or are injured in any way during your participation, please contact the principal 
investigator of this study right away at (435) 797-5684 or jackson.graham@usu.edu. Physical risks are low, and in 
the unlikely case of physical injury, you will be responsible to seek out your own treatment . 
Benefits 
There is no direct benefit to you for participating in this research study. More broadly , this study will help the 
researchers learn more about cerebral palsy movement and may help future researchers or developers create a 
device to stabilize the movements of limbs affected by cerebral palsy . 
Confidentiality 
The researchers will make every effort to ensure that the information you provide as part of this study remains 
confidential. Your identity will not be revealed in any publications, presentations, or reports resulting from this 
research study. However, it may be possible for someone to recognize your particular situation due to the low 
population of persons with cerebral palsy in the area . 
We will collect your information through video recordings. The test footage will be securely stored in a restricted-
access folder on Google Drive, a cloud-based storage system. To protect your privacy, the data associated with you 
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Consent Docum ent Expires : 
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will be separated from your name and other identifying information . Any video taken of you will be stored likewise, 
and identifying video (video showing your face) will be destroyed by May 5th 2017, at the conclusion of the research . 
Non-identifying data and video may be kept for five years in order to aid with follow-up studies. This form will be 
kept for three years after the study is complete, and then it will be destroyed. 
It is unlikely, but possible, that others (Utah State University, EDAAP, or state or federal officials) may require us to 
share the information you give us from the study to ensure that the research was conducted safely and 
appropriately . We will only share your information if law or policy requires us to do so. lfthe researchers learn that 
you are suffering abuse or self-harm , state law requires that the researchers report this information to the 
authorities . 
Voluntary Participation, Withdrawal and Costs 
Your participation in this research is completely voluntary . If you agree to participate now and change your mind 
later, you may withdraw at any time by informing the researchers that you do not wish to proceed. If you choose 
to withdraw after we have already collected information about you, all identifying information or data will be 
destroyed upon your withdrawal. Non-identifying data such as video footage that does not show your face and 
specific times or scores from the experiment tests may not be withdrawn, as your name will not be stored with this 
information and identifying which data is yours may be impossible. You or the researchers may choose to terminate 
your participation in this research study if it appears that the study may cause extreme physical exhaustion or harm 
to you . In this event, you will be asked to stop where you are in the study and rest. Further participation may be 
rescheduled if you choose, but is not necessary. Your participation may require that you incur additional costs, 
including travel and parking fees. These costs will be your responsibility to cover. 
Compensation 
For your participation in this research study , you will receive a $100 gift card. This compensation will be given to 
you even if you do not complete all the tests due to fatigue or other health concerns. 
Findings & Future Participation 
The researchers would like to keep your contact information in order to invite you to participate in future research 
studies. If you would like them to keep your contact information, please initial here : ___ . This information will 
be entered into a restricted-access file on Box.com, an encrypted, cloud-based storage system that is completely 
separated from anything to do with this research study and maintained for five years. You can contact the Principal 
Investigator at any time to be removed from this list. 
IRB Review 
The Institutional Review Board (IRB) for the protection of human research participants at Utah State University has 
reviewed and approved this study . If you have questions about the research study itself, please contact the Principal 
Investigator at (435) 797-5684 or jackson .graham@usu .edu . If you have questions about your rights or would simply 
like to speak with someone other than the research team about questions or concerns, please contact the IRB 
Director at (435) 797-0567 or irb@usu.edu . 
Please affix an electronic sianature 
Jackson Graham 
Principal Investigator 
(435) 797-5684 ; jackson.graham@usu .edu 
Department of Mechanical Engineering 
Silvia Smith 
Student Investigator 
801-300-6673; silvia10smith@aggiemail.usu .edu 
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By signing below, you agree to participate in this study. You indicate that you understand the risks and benefits of 
participation, and that you know what you will be asked to do . You also agree that you have asked any questions you 
might have, and are clear on how to stop your participation in the study if you choose to do so. Please be sure to 
retain a copy of this form for your records . 
Participant's or Caregiver's Signature Participant's Name, Printed Date 
If you do not wish for any video to be recorded of your participation in the study, please initial here: __ _ 
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